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ABSTRACT 
EFFECT OF TRAMPLING ON RECOVERY AFTER A DISTRIBUTION WITHIN 
THE ROCKY INTERTIDAL 
by Marie Nicole Rucker 
The rocky intertidal is a dynamic system that is influenced by both natural and 
anthropogenic disturbances. While there is a large body of work pertaining to each 
disturbance type, little has been done to examine the simultaneous effects of natural and 
anthropogenic disturbances. The objective of this study was to examine how natural 
disturbances occurring in tandem with anthropogenic disturbances influences early 
recovery along a rocky intertidal platform. A series of manipulative trampling 
experiments were conducted at two sites in the Natural Bridges Marine Reserve, 
California. After a catastrophic disturbance event, bare rock exposure decreased more 
over seven months in control treatments than in trampling treatments. Despite high levels 
of background disturbance in the rocky intertidal zone, even a small amount of 
intermittent human trampling significantly impeded resilience and succession in the 
intertidal community. 
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Introduction 
Within the last three decades, scientists have begun to focus on the impact of human 
activities on population dynamics, species diversity, and abundances within the rocky 
intertidal system with the primary focus being on pulp and effluent waste, oil spills, 
sewage, coral mining, and fishing (Addessi, 1994; Carefoot, 1979; Fay, 1973; Hawkins 
and Robert, 1993; Littler and Murray, 1975; Nicholson, 1972; Rajasuriya etal, 1995; 
Van de Werfhost and Pearse, 2007). The majority of experimental work pertaining to the 
impact of anthropogenic disturbances on rocky intertidal communities has been done in 
Chile (Castilla and Duran, 1985; Duran and Oliva, 1987), Australia (Kay and Liddle, 
1989; Keough and Quinn, 1998; Povey and Keough, 1991; Underwood, 1998), New 
Zealand (Brown and Taylor, 1999; Schiel and Taylor, 1999), England (Fletcher and Frid, 
1996; Pinn and Rodgers, 2005), Washington State (Dayton, 1975,1971; Erickson, 2005; 
Jenkins et al., 2001; Paine 1974) and Oregon (Bronsan and Crumrine, 1994). With the 
exception of three studies done in southern California (Smith and Murray, 2005; Sousa, 
1979; Taylor and Littler, 1982), little has been done in central and northern California to 
experimentally quantify changes within intertidal composition as a result of 
anthropogenic stress. 
In a rocky intertidal assemblage, natural disturbances play a pivotal role in 
community structure and dynamics. These disturbances, defined as "any discrete event 
that reduces the amount of living biomass in an area and opens up space for 
establishment of new individuals or colonists" (Kim et al., 1996), create gaps or cleared 
substrate within the intertidal assemblage. The individual attributes (shape, size, 
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location, and time of clearance) of these gaps have been shown to have a significant 
effect on colonization of the cleared area and biological interactions. For example, work 
done by Sousa (1985) showed that the size of the gap is not as significant as how the ratio 
of gap perimeter to area changes with gap size. This ratio is important when an 
organism's life history is taken into account. During their reproductive cycles, many of 
the flora and fauna species that inhabit the rocky intertidal areas release planktonic 
propagules and zygotes into the water column. As the ratio of edge to area increases with 
a decrease in gap size, smaller gaps are colonized faster than larger gaps due to an 
increase concentration of planktonic larvae and zygote recruitment. In larger gaps, 
canopy cover and other shading factors decrease within the middle of the gap. As a 
result, there is a potentially dangerous increase in heat stress resulting in higher 
desiccation levels over time. Davison (1993) found that there was an increase in fucoid 
embryo and zygote mortality associated with dehydration within larger cleared areas. 
While many organisms have shown adaptive measures for taking advantage of natural 
disturbances (i.e. spawning during winter storms) anthropogenic disturbances, 
specifically human trampling, have been shown to negatively affect community viability. 
The literature pertaining to how human trampling affects recruitment and recovery 
along areas of bare rock contains conflicting results. Brown and Taylor (1999) found that 
trampling had little effect on bare rock while Jenkins et al. (2001) and Erickson (2005) 
concluded that trampling resulted in an increase in bare rock. This conclusion is 
supported by the findings of Tenera Environmental (2003) in which they detected a 
higher percent of bare rock in visitor areas. Interestingly, Bronsan and Crumrine (1994) 
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concluded that trampling impedes colonization and succession on bare rock while other 
research showed a rapid colonization by opportunistic species such as algal crusts and 
diatoms which support grazers (Castenholtz, 1963; Jenkins et al., 2001; Sousa, 1979) 
Beauchamp and Gowing (1982) hypothesized that "as a naturally stressed area, bare rock 
would be less sensitive to human foot traffic than a mussel bed ... or ... with less 
physical structure and fewer organisms to cushion foot pressure, bare rock would be more 
adversely affected than the mussel bed." 
Although a large body of work examining natural and anthropogenic disturbances 
along rocky intertidal communities exists, very little has been done to examine the 
resulting impact that occurs when these disturbances combine. Therefore, the objective 
of this research project was to document the simultaneous effect of an anthropogenic and 
natural disturbance by determining how different levels of human trampling affect 
recovery after a simulated natural disturbance. 
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Related Work 
Homo sapiens, by nature, is a curious species with individuals driven by an inherent 
desire to explore in order to better understand and exploit their surrounding environment. 
The means of satisfying this curiosity is often manifested in ways that are detrimental to 
the environment. Since the early part of the 20th century, scientists have been concerned 
about the cumulative effects anthropogenic disturbances have on different ecological 
assemblages (Jeffreys, 1917; Shantz, 1917). Several authors have illustrated the negative 
influence human trampling has on terrestrial ecosystems, such as alpine meadows and 
sand dunes (Liddle, 1975; Nickerson and Thibodeau, 1983). While this research proved 
to be invaluable in identifying the impact of human trampling on terrestrial ecosystems, 
there was little in the literature pertaining the effect of trampling on semi-aquatic or 
aquatic systems (Duffy, 1975; Liddle, 1991). 
The coastline of California is a highly diverse and productive region that is supported 
in part by coastal upwelling occurring when equatorial directed winds blow across the 
water surface causing the surface water to be pushed offshore and replaced by nutrient 
rich cooler water rising from the bottom (Lalli and Parsons, 1997; Pickard and Emery, 
1990). During these upwelling events, planktonic propagule and larvae stages of benthic 
species are transported offshore — not to return until periods of upwelling relaxation 
occur. If a relaxation event does not occur, the planktonic stages are prevented from 
returning to the shore and settling. This results in a mass mortality of the planktonic 
stages (Connolly and Roughgarden, 1998). 
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In addition to playing a key role in settlement success, this benthic-pelagic coupling 
also has a strong influence on predation. Menge et al. (1997) suggested that in upwelling 
areas where there is an increase in filter-feeder recruitment, there is also an increase in 
predation intensity. Experimental work done in New Zealand found a higher rate of 
predation by the sea star Stichaster austalis on mussels along the west coast (Menge et al. 
2003). As upwelling normally occurs along the west coast of both hemispheres because 
of the Coriolis Effect (Pickard and Emery, 1990), it was hypothesized that predation and 
upwelling are related (Graham, 1992). Additional research has shown recruitment of 
organisms, such as barnacles and mussels, is usually much higher on the shores of 
northern Monterey Bay than southern Monterey Bay. This is probably due to the eddy in 
northern Monterey Bay that retains larvae (Osborn, 2006). 
The organisms living along a rocky shore deal with daily environmental stresses 
(wave action, desiccation, temperature and salinity variations, exposure, substratum type, 
and natural disturbances), and biological stresses (competition and predation) in addition 
to seasonal changes that determine zonation patterns within the intertidal community 
(Dayton, 1971 and 1975; Foster et al., 1988; Klugh, 1924; Ricketts et al., 1985). As such, 
the species of flora and fauna inhabiting this area have developed specific adaptations to 
survive in this harsh environment. 
Work done in Oregon by Bronsan and Crumrine (1994), suggests that, unlike natural 
disturbances, trampling is a chronic disturbance, which can interfere with adaptations to 
natural disturbances. For example, research has shown a correlation between an increase 
in bare rock substrate as a result of clearing during a Pacific winter storm and high 
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barnacle recruitment in the same area after winter storms. Trampling during this time 
could dislodge recruits, resulting in low recruitment (Bronsan and Crumrine, 1994). 
A disturbance, as defined by White and Pickett (1985), is "any relatively discrete 
event in time that disrupts ecosystem, community, or population structure and changes 
resources, substrate availability, or the physical environment" (cited in Petraitis, 1989, p. 
395). Ecological succession is the sequence of events after a disturbance that leads to 
colonization and species replacement (Farrell, 1991). Two general questions need to be 
addressed in order to understand succession of an area: "1) What determines when each 
species becomes established after a disturbance and 2) What determines when each 
species leaves the successional sequence" (Farrell, 1991, p. 96). Within an intertidal 
system, succession can be a function of the life histories of a particular species in a 
community, species interaction, and/or the individual attributes (shape, size, location, and 
time of clearance) of cleared areas. 
Connell and Slatyer (1977) defined three different succession models that can be 
applied to the influences pioneer species have on secondary species. In the facilitation 
model, pioneer species expedite the establishment of later species. When early species 
do not have an effect on the establishment of later species, this is known as the tolerance 
model. The third model, or inhibition model, occurs when a pioneer species impedes the 
establishment of later species. At one time, ecologists believed that facilitation was the 
dominant method of early succession. Recent work by Sousa (1979a) and other scientists 
placed greater emphasis on inhibition as the dominant model of succession (Farrell, 
1991). 
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This influence of pioneer species on the successful establishment of secondary and 
climax species in relation to trampling is evident in the rapid recruitment of turf algae 
into a trampled area. Turf algae are highly resilient to trampling and have been observed 
encroaching upon areas traditionally covered by fucoid and foliose algae resulting in a 
shift in coverage in which turf algal species become the dominant algae (Bronsan and 
Crumrine, 1994; Fletcher and Frid, 1996; Fowler, 1981; Jenkins et al., 2001; Keough and 
Quinn, 1998; Povey and Keough, 1991). 
Foster et al. (2003) cleared a series of 1 x 2 meter areas in the midzone (mussels) and 
high zone (Endocladia) along the coast of central and northern California. The 
researchers documented recovery and found that the mussel plots did not recover during 
the six years of the study (although they are now — twenty years later — recovered), and 
the Endocladia plots recovered within one to three years. They observed a rapid 
recruitment of ephemeral algae associated with sites that had delayed recovery of 
perennial algae. They also noted a shift in dominant algae according to the timing of a 
clearing event. Clearing in autumn resulted in higher densities of the upright form of 
Mastocarpus spp. while Endocladia muricata flourished in areas of spring clearings. The 
primary difference between the sites was species abundance, not composition or 
variations in recovery according to season (Foster et al., 2003; J.S. Pearse, personal 
communication, March 12, 2006; Schiel, D.R., 2004). 
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The rocky intertidal platform at Natural Bridges Marine Reserve, immediately to the 
east of my study sites, has been the subject of three different studies on the effect of 
trampling on the intertidal biota, spanning twenty years (Beauchamp and Gowing, 1982; 
Goldstein, 1992; Van de Werfhost and Pearse, 2007). Although the studies compared 
areas with different levels of trampling, none of the three studies covered a period longer 
than six months during heavy traffic months (Van de Werfhost and Pearse, 2007). In 
addition, the methodology utilized by Beauchamp and Growing (1982) and Goldstein 
(1992) was a bit skewed as sampling was done only twice during their entire projects. 
Both groups scraped a set number of rocks bare in either the fall or winter and then 
returned in the spring to take a second set of samples. The data collected illustrated a 
snap shot in time as it compared trampled and less trampled areas. 
Additional studies have found that constant trampling over a few months can reduce 
the coverage of fucoid and foliose coverage (Beauchamp and Gowing, 1982; Boalache et 
al.,1974; Bronsan and Crumrine, 1994; Jenkins et al , 2001; Povey and Keough, 1991; 
Schiel and Taylor, 1999; Zedler, 1976) and recovery can vary from a year to a decade 
(Bronsan and Crumrine, 1992; Keough and Quinn, 1998; Povey and Keough, 1991; 
Schiel and Taylor, 1999). A reason for this delayed recovery could be that the holdfast of 
fucoid algal species is susceptible to removal via wave action due to damage sustained 
from trampling (Bronsan and Crumrine, 1994; Jenkins et al. 2001). Underwood (1998) 
found that Hormosira banksifs recovery was slow when the holdfast was dislodged 
compared to recovery in which only the fronds were removed. This could be because 
recovery did not occur as a result of new recruits but instead from regeneration from 
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holdfasts (Povey and Keough, 1991; Milazzo et al., 2004). Boalache et al. (1974) found 
that although Ascophyllum nodosum was resistant to wave action, it was not resistant to 
trampling which damaged its holdfasts. 
Brown and Taylor (1999) determined that foot traffic had a cascade effect on 
coralline algae and their associated epifauna in New Zealand. As coralline algae are 
trampled, they lose apical tissue resulting in a reduction in height. This decline in turn 
results in an overall reduction of available food resources for epifaunal species due to a 
decrease in the concentration of detritus trapped within the algal thallus and reduction of 
periphytal growth due to a decrease in available surface area for growth. Brown and 
Taylor (1999) also found there was an initial decrease in polychaete density that 
continued three months after trampling ceased. 
Conversely, turf algae were found to be highly resilient to trampling. This resistance 
causes a shift in coverage in which turf algae begin to encroach upon areas traditionally 
covered by fucoid and foliose algae (Bronsan and Crumrine, 1994; Fletcher and Frid, 
1996; Fowler, 1981; Jenkins et al. 2001; Keough and Quinn, 1998; Povey and Keough, 
1991). In addition, the loss of these foliose and fucoid algae could promote the formation 
of an alternative state through the recruitment of grazers into an area no longer dominated 
by algae. These grazers in turn could theoretically perpetuate this state by preventing the 
recovery of the algal mats due to their consumption of algal sporelings (Povey and 
Keogh, 1991). Grazers feed primarily on diatoms and algal sporelings, not established 
macroalgae (J.S. Pearse, personal communication, March 12,2006). As previously 
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noted, loss of algae coverage could have an adverse effect on animals that co-exist with 
certain species of algae. Decrease in density, however, is not isolated to these mats. 
Bronsan and Crumrine (1994) found that multi-layered mussel beds lost their top 
layer as a result of trampling. The trampling reduced the strength of the mussels' byssal 
threads making them more susceptible to damage during periods of high wave action as 
seen during winter storms (Bronsan and Crumrine, 1994; Smith and Murray, 2005). In 
addition, they found that single-layer beds are more vulnerable to wave action due to loss 
of support by conspecifics that helped anchor the bed (Paine, 1974; Bronsan and 
Crumrine, 1994). They also observed a reduction in epibionts living on the mussel shells. 
Povey and Keough (1991) noticed an overall reduction in percent barnacle coverage 
in New Zealand due to trampling, an observation that was later supported by work done 
by Bronsan and Crumrine (1994) in Oregon. Bronsan and Crumrine (1994) also noted 
that in areas in which the algal canopy had been removed, there was an increase in 
barnacle recruitment. This increase might be due to the elimination of the dominant algal 
species resulting in an increase in available space to which the barnacles could recruit. A 
recent study conducted in the state of Washington by Erickson (2005) showed a reduction 
in overall barnacle size in trampled areas compared to un-trampled areas. Erickson 
(2005) concluded this size discrepancy was either due to rapid recruitment after removal, 
as supported by Bronsan and Crumrine (1994), which resulted in a population dominated 
by juveniles or a reduction in the maximum size of adult barnacles. This latter idea of 
adaptation is supported by work done by Pentcheff (1991) which determined that in areas 
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where there is a high level of disturbance due to drift logs, barnacles are smaller with a 
thick wall plate which helps them withstand crushing. 
To determine the impact trampling had on intertidal diversity along the Dorest coast 
of England, Pinn and Rogers (2005) conducted a four-month study in which they 
conducted habitat surveys in conjunction with observations of human activity at two 
different locations, Washing Ledge and Yellow Ledge. They found a greater decline in 
limpet populations at Washing Ledge than at Yellow Ledge, which correlates with 
observations that there are a higher number of visitors, predominantly children, at 
Washing Ledge. In contrast, Jenkins et al. (2001) applied an augmented trampling 
treatment to a highly visited area and found that the density of limpets and whelks did not 
change as a function of trampling — although limpets did exhibit temporal variation 
depending on tidal height. This difference in results supports Keough and Povey's 
(1998) theory that the impact of trampling is not consistent from place to place due to 
spatial variation. 
Scientists from the University of California (PISCOS), Stanford University (Fiorenza 
Micheli), and other institutes are working to quantify the impact of human trampling on 
California's rocky intertidal assemblages using a variety of methods that range from 
quadrats to cameras. The Monterey Bay National Marine Sanctuary (MBNMS) recently 
published the results of a five-year study at Point Pinos conducted by Tenera 
Environmental. The report concluded that there "were no statistically significant 
difference(s) detected in the cover of individual algal species between the visitor and 
[control] areas" (Tenera, 2003, p. 94). Although not significant due to data variation, 
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they also concluded that there was a decrease in upright algal cover and an absence of 
barnacles and anemones on the tops of rocks in visitor-used areas. The MBNMS has 
created a work group comprised of National Oceanic and Atmospheric Administration 
(NOAA) employees, local scientists, and stakeholders to develop a Tide Pool Action Plan 
outlining visitor impacts, current efforts on the part of MBNMS to monitor these impacts, 
enforcement issues, and other strategies aimed at managing the tide pools within the 
MBNMS (Monterey Bay National Marine Sanctuary, 2003). 
In conjunction with the California Sea Grant College, the MBNMS has developed a 
long term monitoring and training program called LiMPETS for middle school, high 
school, and adult volunteers. The program covers coastal habitats located within the five 
west coast National Marine Sanctuaries. The goals of this project are to: "Establish a 
long-term, quantitative intertidal, and offshore monitoring program that can be used by 
the Sanctuaries, other concerned organizations, and the public in general to assess the 
health of local rocky and sandy intertidal and offshore habitats and increase the 
understanding and appreciation of the intertidal and offshore habitats by the general 
public through the direct involvement of high school and middle school teachers, their 
students, and adult volunteer groups" (www.limpetsmonitoring.org). 
As presented in this literature review, there is a large body of work pertaining to the 
impact of human trampling along intertidal regions. However, with few exceptions, this 
research has primarily focused on established communities and not disturbed areas. 
Therefore, the objective of this research project was to document the simultaneous effect 
of an anthropogenic and natural disturbance by determining how different levels of 
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human trampling affect recovery after a simulated natural disturbance. Based on 
previous work, the following hypotheses were tested. 
Bare Rock: 
HI. Human trampling along an intertidal platform immediately after a catastrophic 
disturbance will increase the persistence of bare rock through time. 
Algae: 
H2. Human trampling along an intertidal platform immediately after a catastrophic 
disturbance will have a negative impact on algal recovery through time. 
Invertebrates: 
H3. Human trampling along an intertidal platform immediately after a catastrophic 
disturbance will have a negative impact on mussel and barnacle recovery through time. 
H4. Human trampling along an intertidal platform immediately after a catastrophic 
disturbance will have a positive impact on grazer recovery through time. 
Species Richness and Diversity: 
H5. Human trampling along an intertidal platform immediately after a catastrophic 
disturbance will have a negative effect on species richness and diversity through time. 
Furthermore, all data were assessed for interactions among species. 
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Methods 
Study Site 
The study sites are on the east side of Terrace Point on the northern shore of 
Monterey Bay (36°56' 55"N, 122°3',49"W). They are below the Joseph M. Long Marine 
Laboratory of the University of California, Santa Cruz, and within the recently 
established (2007) Natural Bridges State Marine Reserve of the California Department of 
Fish and Game. Natural Bridges State Beach of the California Department of Parks and 
Recreation is located approximately 400 meters to the east. Access from the State Beach 
is along the intertidal below a residential trailer park. Most people visit the platforms 
below the trailer park, and few reach the study sites. 
Two sites along an intertidal, gently sloping, mudstone platform were used for this 
study (See Fig. 1). Erosion has cut the platform into a series of projections separated by 
sandy coves, allowing for the selection of separate platforms of near-identical surfaces 
and exposures. 
Figure 1. Picture of the rocky intertidal below Long Marine Laboratory. Copied with 
permission from Kenneth & Gabrielle Adelman, California Coastal Records Project, 
www.Californiacoastline.org, Copyright (C) 2002-2008 
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During the initial stages of development and design for this field study, site selection 
played a crucial role in determining what methodology to use. With regard to 
manipulation studies examining the effect of human trampling along an intertidal 
platform, a review of the literature appears to indicate that site selection should be 
dependent on the overall vertical and horizontal uniformity of the area in question 
(Beauchamp and Gowing, 1982; Bronsan and Crumrine, 1994; Brown and Taylor, 1999; 
Goldstein, 1992; Povey and Keough, 1991; Van de Werfhost and Pearse, 2007). As a 
majority of the flora and fauna located within an intertidal assemblage have a low 
tolerance for changes within their physical environment (such as sensitivity to height on 
the shore and microhabitats), it is important to control for these factors while performing 
manipulation studies. 
In addition to satisfying the above criteria, the incline of the rocky ledge at NBSB is 
relatively uniform allowing for similar "tidal height... exposure and wave impact" (Van 
de Werfhost and Pearse, 2007, p. 8). This is important, as studying anthropogenic 
disturbances within a rocky intertidal system can be difficult due to the influence of 
uncontrollable environmental stresses. By studying an area in which the impact of 
environmental stresses are similar, one can control for these unpredictable stresses, as any 
deviation would not be isolated to one area. It would instead impact the entire platform 
in the same way. 
As to the methodology used in the previously cited studies, data collected has shown 
little or no difference in the composition of the intertidal assemblage. Conversely, 
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rangers and other annual visitors have noted changes dating back about twenty years (M. 
Nitzberg, personal communication, March 13, 2006). 
Experimental Design and Field Sampling 
Two sites (See Fig. 1) located along the intertidal platform at Natural Bridges Marine 
Reserve were identified. At each site four 10-foot transects were laid running parallel to 
the water in each location. Although the original experimental design did not allocate 
stratification of blocks per elevation (Upper Mid-Intertidal and Mussel Bed), during the 
set-up of Site 1, stratification randomly occurred and was continued in the set-up of the 
other two sites. Using a random number generator, four 20 x 20 centimeter square 
quadrats were placed along each transect in such a way that the top right corner of each 
quadrat was placed adjacent to the assigned random number. The experimental design 
layout is illustrated in Figure 2. 
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Scraped 20x20 cm2 quadrats 
Figure 2. Experimental design replicated at each of three sites along the rocky intertidal 
platform 
To simulate a partial clearing disturbance (Foster et al., 1998), each quadrat was 
scraped clean in August 2006 (Site 1 the first three weeks of August and Site 2 the last 
week of August and the first week of September) (See Figs. 3 and 4). This type of 
clearing was selected due to its similarity to clearing events resulting from natural 
disturbances. Each cleared quadrat was marked with a colored zip tie that corresponded 
with a specific treatment level. During the initial placement of each transect, the latitude 
and longitude of each transect was taken using a Garmin GPS Hand Unit, in addition to 
its distance from the platform edge. Coordinates were recorded to ensure accurate 
transect and sampling grid placement during monthly sampling. 
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w 
Figure 3. Before scraping event 
Figure 4. After scraping event 
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Treatments began in September 2006, after the second site had been cleared, and 
continued until the end of March 2007. During the experimental phase of the research, 
one of the following treatments was applied to each quadrat per transect: Treatment 1, 
Treatment 2, Treatment 3, or Control Treatment once every other week for six months in 
addition to regular foot traffic. In Treatment 1,2 and 3, the scraped area was subjected to 
one of three trampling treatments — low (100 steps), medium (200 steps) or high (300 
steps) — (Bronsan and Crumrine, 1994; Jenkins et aL, 2001) in addition to regular foot 
traffic. In the control treatment, the substrate was cleared but no trampling treatment was 
applied. Although the first platform was more accessible to the public than the other two, 
the four transects located along this platform were far enough away from the general use 
areas that the impact from additional uncontrolled trampling pressure was minimal. 
Starting in September 2006 and continuing for the duration of the trampling 
experiment (September 2006-March 2007), a variety of data sets were taken once a 
month during low tide. Four months after trampling stopped (July 2007) the cleared 
areas were assessed to determine differences in recovery associated with the different 
treatments. 
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Digital Photographs 
Using an Olympus E-300 Revolt digital SLR camera, each cleared area was 
photographed prior to physical data collection and after trampling events. The pictures 
were later analyzed and physical changes over time were noted. 
Sampled Variables 
1. Percent coverage of bare rock, mussels (Mytilus californianus), barnacle and algae. 
A 20 x 20 centimeter square quadrat with a 100 square grid was placed over each cleared 
area. Using the grid, the percent coverage for bare rock, mussels, barnacle, and algae 
were calculated. With the exception of Tetraclita rubescens and Pollicipes polymeris, the 
barnacle species Chthamalus dallilfissus and Balanus glandula were grouped together 
during sampling. This was done due to the difficulty in identifying the difference 
between Chthamalus dalli/fissus and Balanus glandula species as a result of similarities 
at different growth stages. Only the barnacles in which it was obvious that the animal 
was still alive were included in the percent cover assessment. The algal species were 
identified using Abbott's Macroalgae of California and other identification keys as 
references. Due to the difficulty in differentiating among various encrusting tar-spot like 
algae such as Ralfsia spp. and "Petrocelis", the reproductive form of Mastocarpus 
species, these taxa were grouped together under the term tar-spot algae. Similarly, 
coralline algae were grouped together and ephemeral algae (Ulva spp. and Entromorpha 
spp.) were grouped together during data analysis. 
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2. Density of sessile and mobile animals. The number of sessile and mobile animals 
located within each 20 x 20 centimeter square quadrat was recorded. With the exception 
of the limpets which were identified to species, fauna were identified to genus using the 
third edition of Light's Manual with species names corrected using the updated edition 
of the manual (Carlton (2007). 
Data Analysis 
Data taken during the seven month trampling period were analyzed using the 
Repeated Measures module of the General Linear Model (GLM) in SPSS 15. In model 
was a four factor Repeated Measures Analysis of Variance (RMANOVA) with two 
crossed, fixed between-subjects factors (Site and Elevation) and two crossed, fixed 
within-subjects factors (Time and Elevation) and one subject factor (transect) was run in 
SPSS 15 (Karpinski, 2007; J. Bauer, personal communication, September 1,2007; Quinn 
and Keough, 2002). Table 7 illustrates the resulting ANOVA table. 
Four months after trampling stopped, a final assessment was made of the cleared 
areas. To determine if there was a difference in percent cover and density of the 
measured factors during the four month recovery period, the data collected in July 2007 
was compared to that taken in March 2007. 
Prior to analysis, Cochran's C-Test and F-Max Test were run on the data to check for 
homogeneity of variances (Quinn and Keough, 2002). For all factors being tested, the 
assumption of homogeneity was violated. The data was transformed as follows: Percent 
cover data was transformed using an arcsine square root transformation while population 
and richness counts were transformed using the log +1 (Bronsan and Crumrine, 1994; 
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Brown and Taylor, 1999; Duran et al., 1987; Jenkins et al., 2001; Keough et al., 1993 
Povey and Keough, 1991,2001). The results are "reported in their original units, back-
transformed" (Gotelli, 2004). To Test for normality, a Kolmogorov-Smirnov test was run 
on the ANOVA residuals. 
Species diversity for the percent cover data (algal species, M. californianus and 
Barnacles species) and density data was calculated using Shannon-Weiner Diversity 
Index Shannon's equitability (EH). These calculations were done manually using the 
following formulas inputted into Microsoft Excel 2003. 
H' = -£si=,pilnpi 
EH = H/Hmax = H/lnS 
in which H' is Shannon-Weiner Diversity Index index 
S is species richness 
p, is proportion of S composed of the i* species 
EH is equitability 
To determine if there were differences in percent cover or density among the blocks 
at the three sites at time 0, a nested block ANOVA was performed. Due to an incomplete 
data set, the data collected for the month of January was not included in the analysis. The 
data collected in February was also not used due to a significant deposition of sand within 
a few of the quadrats that prevented accurate sampling of the different factors (See Figs. 
5 and 6). 
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Figure 5. Quadrat number 254 sampled in February 2007 showing sand deposition 
Figure 6. Quadrat number 254 sampled in March 2007 
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In the final experimental model, there were two sites along the intertidal platform at 
Natural Bridges Marine Reserve. At each site four 10-foot transects (two in the upper 
mid-intertidal and two in the mussel bed) were established. Within each transect there 
were four sub-plots or quadrats that received one of four treatments. Each quadrat was 
assessed once a month for seven months during the trampling time period and four 
months after trampling stopped. Using the Repeated Measures module of the General 
Linear Model (GLM), a four factor Repeated Measures Analysis of Variance 
(RMANOVA) with two crossed, fixed between-subjects factors (Site and Elevation) and 
two crossed, fixed within-subjects factors (Time and Elevation) and one subject factor 
(transect) was run in SPSS 15 (J.S. Pearse, personal communication, March 12,2006; 
Karpinski, 2007; Quinn and Keough, 2002). Table 1 illustrates the resulting ANOVA 
table. 
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Table 1. Repeated Measures Analysis of Variance Table 
Source 
Degrees 
of 
freedom F-Ratio Denominator 
Between Plots 
Site 
Elevation 
Site*Elevation 
Transect (Site*Elevation) 
1 
1 
1 
4 
Transect (Site*Elevation) 
Transect (Site*Elevation) 
Transect (Site*Elevation) 
No Test 
Within Plots 
Treatment 
Site*Treatment 
Elevation* Treatment 
Treatment* Site*Elevation 
Transect 
(Site*Elevation)*Treatment 
Time 
Site*Time 
Elevation* Time 
Site*Elevation*Time 
Transect (Site*Elevation)*Time 
Treatment* Time 
Site* Treatment* Time 
Elevation*Treatment*Time 
Site*Elevation*Treatment*Time 
Transect 
(Site* Elevation)* Treatment* Time 
3 
3 
3 
3 
12 
4 
4 
4 
4 
16 
12 
12 
12 
12 
48 
Transect (Site*Elevation)*Treatment 
Transect (Site*Elevation)*Treatment 
Transect (Site*Elevation)*Treatment 
Transect (Site*Elevation)*Treatment 
No Test 
Transect (Site*Elevation)*Time 
Transect (Site*Elevation)*Time 
Transect (Site*Elevation)*Time 
Transect (Site*Elevation)*Time 
No Test 
Transect 
(Site*Elevation)*Treatment*Time 
Transect 
(Site* Elevation)* Treatment* Time 
Transect 
(Site*Elevation)*Treatment*Time 
Transect 
(Site*Elevation)*Treatment*Time 
No Test 
There is only one observation for each combination of Site, Elevation, Transect, 
Treatment and Time 
Based on the hypothesis that there is a difference in percent cover and/or density of 
the measured factors between the control and trampling treatments, a three a priori 
contrasts were run on the data to test for differences between the control and 200 step 
treatments, control and 200 step treatments, and control and 300 step treatments. 
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Although these are additional F-ratio tests, a correction to the p-value is not warranted if 
the number of planned tests is less than three. For the post hoc analysis looking at 
differences between the control and trampling treatments per elevation, a p-value 
correction is needed. For the pairwise/WM/ hoc tests, the correction used was Tukey's 
HSD in which the Fobserved value is compared to a corrected Fcrticai value. This corrected 
value is calculated as follows: 
qCriticai=(l-a, a,v) 
in which a is the Familywise error 
a is the number of repeated measures in the family 
v is the error degrees of freedom 
Compare F0bserved to (qcriticai) 12 
If Fobserved > Fcrticai, then there is a significant effect at a = 0.05 
For the complex post hoc tests, the correction used was Scheffe in which the Fobserved 
value is compared to a corrected Fcrticai value. This corrected value is calculated as 
follows: 
" critical 
in which a is the Familywise error 
r is the degrees of freedom associated with the family 
v is the error degrees of freedom for the contrast-specific error estimate 
Compare Fobserved to FcriticaI 
(Karpinski, 2006Quinn and Krough, 2002). 
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In addition to the assumptions of equal variance and normality, there is also an 
assumption of sphericity for RMANOVAs. When sphericity is not met, there is an 
increase in type I errors. To decrease this risk, the degrees of freedom used in the 
Univariate F-test can be adjusted using the Greenhouse-Geisser or Huynh-Feldt values 
for epsilon. These values are often not the same and it can be difficult to determine 
which value is more accurate. Underwood (2002) recommends using the Greenhouse-
Geisser epsilon value when the assumption of sphericity is violated. Following this 
advice, when the assumption of sphericity was violated, the p-values reported in the 
results section reflect the Greenhouse-Geisser adjustment. When the assumption of 
sphericity was violated, the multivariate analysis of variance (MANOVA) results were 
given (Mead, 1988; Myers and Well, 1991). 
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Results 
Bare Rock 
At the start of the experiment, total percent coverage of bare rock across all 
treatments and elevations was 100%. Over the course of the experiment, bare rock 
exposure decreased by an average of 76% in the control treatments. With trampling 
pressure, however, bare rock only decreased by an average of 50% in the 100 step 
treatment, 53% in the 200 step treatment and 44% in the 300 step treatment (Figure 7). 
Although analysis of the data did not reflect a significant Treatment Effect, the a priori 
tests showed a significant difference between the control treatment and 300 step 
treatment (p=0.030). 
Figure 7. Cumulative mean percent cover of Bare Rock. Error bars are standard error 
with N=8. The data represented in the graphs is the back transformation of the arcsine 
square root transformed raw data. A priori test for control treatment and 300 step 
treatment p=0.030 (trampling period) and p=0.022 (recovery period). 
During the four month recovery period, after the trampling treatments had stopped, 
percent cover of bare rock in the control and 200 step treatments remained relatively the 
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same. Percent cover of bare rock in the areas associated with the 100 step and 300 step 
treatments increased. Although trampling did not occur, there was a significant 
difference in bare rock percent cover between the control and 300 step treatments 
(p=0.002). In addition, there was a temporal effect associated with elevation 
(Elevation* Time p=0.022). 
Although there was no significant Elevation Effect or interaction effect with 
Treatment and Time (p>0.05, appendix B), when the raw data is separated according to 
elevation (See Figs. 8 and 9), there were noticeable differences in percent cover of bare 
rock. Between October 2006 and March 2007, bare rock cover for the control treatments 
within the Upper Mid-Intertidal decreased by an average of 63% while in the lower zone 
bare rock cover decreased by an average of 83%. During the four month recovery period, 
bare rock cover within the control treatments located in the higher elevation increased 
while coverage for the lower elevation decreased. 
Bare rock cover for the trampling treatments located in the higher zone decreased by 
an average of 44% while coverage within the lower elevation decreased by 56%. 
Between March and July 2007, there was an increase in average bare rock cover for all 
four treatments found within the Upper Mid-Intertidal. The largest increase occurred in 
the areas associated with the 300 step treatment. Within the Mussel Bed, bare rock cover 
fluctuated less than 5% within the four treatments. 
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Mean Percent Cover of Bare Rock in the Upper Mid-Intertidal 
e 
OH 
Before After 
Scraping Scraping 
Sept Oct Nov. Dec. Jan. Feb. Mar. 
Trampling Time Period 
July (four 
months 
after 
trampling 
stopped) 
I Control Treatment H 100 Step Treatment • 200 Step Treatment B 300 Step Treatment 
Figure 8. Mean percent cover of Bare Rock in the Upper Mid-Intertidal. Error bars are 
standard error with N==4. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. Elevation*Time p=0.022 (Recovery 
Period) 
Mean Percent Cover of Bare Rock in the Mussel Bed 
Before After 
Scraping Scraping 
Sept. Oct. Nov. Dec. Jan. Feb. Mar. 
Trampling Time Period 
July (four 
months 
after 
trampling 
stopped) 
I Control Treatment S 100 Step Treatment Q 200 Step Treatment B 300 Step Treatment 
Figure 9. Mean percent cover of Bare Rock in the Mussel Bed. Error bars are standard 
error with N=4. The data represented in the graphs is the back transformation of the 
arcsine square root transformed raw data. Elevation*Time p=0.022 (Recovery Period). 
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Sessile Invertebrates 
Mytilus californianus 
During the seven months of experimental trampling, percent cover of 
mussels increased to 38% within the control treatment, 11% within the 100 step 
treatment, 36% in the 200 step treatment and 21% within the 300 step treatment located 
within both elevations (See Fig. 10). Although trampling did not significantly affect 
mussels percent cover (Treatment Effect (p=0.75), there was a difference in percent cover 
between control and 100 step treatments (p=0.012) and the control and 200 step 
treatments (p=0.004). This difference in percent cover between the control and 100 and 
300 step treatments was observed four months after trampling stopped (p<0.05). 
Although there was no detectable change in mussels percent cover associated with 
elevation (p>0.050), observations made during the trampling phase of the experiment 
indicated a difference in percent cover between the control and trampling treatments 
The control and 200 step treatments located in the higher elevation remained 
relatively the same (See Fig. 11). In comparison, percent cover in the corresponding 
treatments located lower showed a linear increase during the same time period (See Fig. 
12). With the exception of the 300 step treatment located within the lower elevation, 
there was an increase in mussels in all four treatments regardless of elevation between 
March and July 2007. 
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Cumuktive Mean Percent Cover of Mytilus califomianus 
Before After 
Scraping Scraping 
• _ £ W 
Sept. 
•JL %&* ,lfla 
Oct Nov. Dec. Jaa Feb. 
Trampling Time Time 
Mar. July (four 
months 
ater 
trampling 
stopped) 
I Control Treatment 0 100 Step Treatment B 200 Step Treatment H 300 Step Treatment 
Figure 10. Cumulative mean percent cover of Mytilus califomianus. Error bars are 
standard error with N=8. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. A priori test for control treatment and 100 
step treatment p=0.012 (Trampling Period). A priori test for control treatment and 200 
step treatment p=0.004 (Trampling Period). A priori test for control treatment and 300 
step treatment p<0.05 (Recovery Period). 
Mean Percent Cover of Mytilus califomianus in the Upper Mid-Intertidal 
Before After 
Scraping Scraping 
Sept. Oct. Nov. Dec. Jaa 
Trampling Time Period 
Feb. Mar. Jury (four 
months 
after 
trampling 
stopped) 
I Control Treatment 0 100 Step Treatment 0 200 Step Treatment H 300 Step Treatment 
Figure 11. Mean percent cover of Mytilus califomianus in the Upper Mid-Intertidal. 
Error bars are standard error with N=4. The data represented in the graphs is the back 
transformation of the arcsine square root transformed raw data. Elevation Effect p>0.05 
(Trampling and Recovery Period). 
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Mean Percent Cover ofMytilus californianus in the Mussel Bed 
Before After 
Scraping Scraping 
Sept. Oct. Nov. Dec. Jan. 
Trampling Time Period 
Feb. Mar. Jury (four 
months 
after 
trampling 
stopped) 
I Control Treatment S 100 Step Treatment Q 200 Step Treatment a 300 Step Treatment 
Figure 12. Mean percent cover of Mytilus californianus in the Mussel Bed. Error bars 
are standard error with N=4. The data represented in the graphs is the back 
transformation of the arcsine square root transformed raw data. Elevation Effect p>0.05 
(Trampling and Recovery Period). 
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Barnacles 
During the first month of treatment, barnacle cover within the control, 200 step, and 
300 step treatments increased and exhibited little fluctuation for the duration of the 
experiment (See Fig. 13). In comparison, cover within the 100 step treatment exhibited a 
linear increase during the same time period. Although barnacle percent cover changed 
through time (Time Effect p^O.006), there was no significant interaction effect between 
Time and/or Treatment and Elevation (p>0.05). Similar to the trampling phase 
RMANOVA results, analysis of the recovery data showed no Treatment, Elevation, or 
Treatment*Elevation Effect (p>0.05). 
Figure 13. Cumulative mean percent cover of Barnacle Species (Chthamalus dalli/fissus 
and Balanus glandula). Error bars are standard error with N=8. The data represented in 
the graphs is the back transformation of the arcsine square root transformed raw data. 
Elevation Effect p>0.05 (Trampling and Recovery Period). 
Observations made during the course of the experiment appear to indicate a 
difference in treatment according to elevation (See Figs. 14 and 15). Between September 
and March 2007, there was a linear increase in barnacle percent cover within the 
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treatments located in the Upper Mid-Intertidal. Between March and July 2007, percent 
cover within all four treatments decreased. In contrast, percent cover within the lower 
elevation, control treatment and 300 step treatments fluctuated with peaks occurring in 
December 2006 and March 2007. Between September 2006 and March 2007, there was a 
linear increase in barnacle percent cover within the 100 and 300 step treatments. Four 
months after trampling stopped, barnacle percent cover within the trampling treatments 
increased while percent cover within the control treatment decreased within the Mussel 
Bed. 
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Mean Percent Cover of Barnacle Species in the Upper Mid-Intertidal 
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Trampling Time Period 
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trampling 
stopped) 
I Control Treatment S 100 Step Treatment Q 200 Step Treatment H 300 Step Treatment 
Figure 14. Mean percent cover of Barnacle Species (Chthamalus 6a\\ilfissus and 
Balanus glandula) in the Upper Mid-Intertidal. Error bars are standard error with N=4. 
The data represented in the graphs is the back transformation of the arcsine square root 
transformed raw data. Elevation Effect p>0.05 (Trampling and Recovery Period). 
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Figure 15. Mean percent cover of Barnacle Species {Chthamalus dsHi/ftssus and 
Balanus glandula). Error bars are standard error with N=4. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Elevation Effect p>0.05 (Trampling and Recovery Period). 
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Mobile Invertebrates 
Chlorostoma funebralis 
During the first two months of treatment, the average density of Chlorostoma 
funebralis within the control treatments increased and remained relatively consistent over 
time (See Fig. 16). In contrast, the average density of C. funebralis within the trampling 
treatments fluctuated with high densities occurring in October and December 2006. 
Although there was a significant Treatment Effect (MANOVA p=0.025), there was not 
enough evidence to detect its interaction with elevation. The a priori contrasts show a 
difference in the density of C. funebralis between the control and 100 Step (p=0.063) and 
200 step treatments (p=0.004). Between March and July 2007, average density of T. 
funebrlais increased in the areas associated with each treatment. Although trampling had 
ceased during this time period, there was a Treatment Effect (p=0.002). 
Although there was no significant Elevation Effect or Elevation* Treatment Effect, 
observations indicate differences in C. funebralis density according to elevation. (See 
Figs. 17 and 18). In the higher elevations, C. funebralis density levels in the control were 
higher than the trampling treatments throughout the experimental and recovery periods. 
Density within the trampling treatments oscillated with a peak occurring in October 2006. 
Between March and July 2007, there was an increase in C. funebralis density in all four 
treatments located within the Upper Mid-Intertidal. Within the Mussel Bed, average 
density of C. funebralis in control treatments increased during the first two months of 
treatment then decreased steadily between October and December 2006. In comparison, 
density within the trampling treatments fluctuated with high densities occurring in 
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October and December 2006. Between March and July 2007, there was an increase in C. 
funebralis density in all four treatments located within the Upper Mid-Intertidal. 
Cumulative Mean Density of Chlorostoma funebralis 
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Figure 16. Cumulative mean density of Chlorostoma funebralis. Error bars are standard 
error with N=8. The data represented in the graphs is the back transformation of the 
arcsine square root transformed raw data. Treatment Effect (MANOVA p=0.025). A 
priori contrast for control treatment and 200 step treatment p=0.004 (Trampling Period). 
Treatment Effect p=0.002 (Recovery Period). 
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Figure 17. Mean density of Chlorostomafunebralis in the Upper Mid-Intertidal. Error 
bars are standard error with N=4. The data represented in the graphs is the back 
transformation of the arcsine square root transformed raw data. Elevation Effect p>0.05 
(Trampling and Recovery Period). 
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Figure 18. Mean density of Chlorostomafunebralis in the Mussel Bed. Error bars are 
standard error with N=4. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
Lottia Species 
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Lottia Species 
With the exception of the 100 step treatment sampled in October 2006, density of 
Lottia species in each treatment remained low with a peak occurring in December 2006 
(See Fig. 19). The density of Lottia species dropped three months later to levels observed 
prior to the winter peak. The only effects detected during data analysis was for 
Treatment (MANOVA p=0.041) and Elevation (p=0.049). Four months after trampling 
stopped, average density within the areas associated with each treatment almost tripled. 
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Figure 19. Cumulative mean density of Lottia Species. Error bars are standard error with 
N=8. The data represented in the graphs is the back transformation of the arcsine square 
root transformed raw data. Treatment Effect MANOVA p=0.041 (Trampling Period). 
After two months of treatment, the average density of Lottia species in the 100 step 
treatments located in the higher elevation increased to almost four times that of the other 
three treatments (See Fig. 20). The average density of Lottia species per treatment 
decreased between October and November 2006, with the exception of the control 
treatments which increased. By the end of the experiment, the average density of Lottia 
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species was similar to those observed in November 2006. However, four months after 
trampling stopped, density levels increased. 
Similar to that observed in the higher elevation, the average density of Lottia species 
in the lower elevation peaked in December 2006 then decreased by March 2007 (See Fig. 
21). Between March and July 2007, Lottia species levels were about four times that 
observed in March 2007. 
Mean Density of Lottia Species in the Upper Mid-Intertidal 
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Figure 20. Mean density of Lottia Species. Error bars are standard error with N=4. The 
data represented in the graphs is the back transformation of the arcsine square root 
transformed raw data. Elevation Effect p=0.049 (Trampling Period). 
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Figure 21. Mean density oiLottia Species in the Mussel Bed. Error bars are standard 
error with N=4. The data represented in the graphs is the back transformation of the 
arcsine square root transformed raw data. Elevation Effect p=0.049 (Trampling Period). 
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Algae 
Algal succession during the treatment and recovery period, as discussed in further 
detail below, differed according to treatment and elevation. The percent cover of tar-spot 
algae was more than twice that of the other algae observed. As a result, it was difficult to 
visually quantify changes in percent cover of the other algae. Therefore, the results for 
tar-spot algae were presented separately. The results for coralline algae were also 
presented separately because the low percent cover that did not appear on the graphs even 
though growth occurred. 
During the course of the experiment, the only detectable changes occurred for 
Cladophora species (MANOVA Treatment Effect p=0.031, Treatment*Elevation Effect 
p=0.053), Ephemeral Algae (MANOVA Treatment Effect p=0.009, Treatment*Elevation 
Effect p=0.007) and S. lomentaria (Elevation Effect p=0.038). 
Tar-Spot Algae 
As previously mentioned, tar-spot algae were the dominant algae observed during the 
experiment within the Upper Mid-Intertidal (See Fig. 22). Changes in the percent cover 
of tar-spot algae were not found to be attributed to Treatment, Elevation or their 
interaction with each other. However, a priori contrasts showed a detectable difference 
in the percent cover of tar-spot algae between the control and 100 step treatments 
(p=0.017). This difference supports observations that indicate a higher percent cover of 
tar-spot algae in 100 step treatment when compared to the other treatments regardless of 
elevation (See Figs. 22 and 23). Percent cover in the 200 step and 300 step treatments 
also exhibited a linear increase between September and December 2006. By the end of 
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the experiment percent cover in the 200 step treatment decreased to less than 5%. 
Percent cover within the control treatments increased between September and November 
2006 followed by a decrease one month later. By March 2007, percent cover within the 
control treatments had increase to a level similar to that observed in October 2006. Four 
months after trampling stopped, percent cover within all four treatments had decreased. 
Even though there was no Treatment, Elevation or Treatment*Elevation Effect (p>0.05) 
during the recovery period, a priori contrasts show a difference between the control and 
100 step treatment (p=0.029). 
In contrast, percent cover of tar-spot algae in the 100 step treatment located in the 
Mussel Bed (See Fig. 23) remained less than or equal to that observed in the 300 step 
treatment. However, by the end of the experiment, percent cover within the 100 step 
treatment was the highest when compared to the other three treatments. There was also 
an observed increase in percent cover within the control and 200 step treatments during 
the first three months of treatment application. Although percent cover within control 
and 200 step treatments remained constant over the next month, by March 2007 there was 
a decrease in percent cover for both treatments. Between March and July 2007, percent 
cover within the areas associated with the control and 100 step treatments had decreased 
while coverage observed within the 300 step treatment increased. Although there was no 
detectable Treatment Effect (p=0.067) within the Mussel Bed, the a priori contrasts show 
a significant difference between the control and 100 step treatment which is similar to the 
results observed during the trampling phase of the experiment. 
44 
Mean Percent Cover of Tar-Spot Afeae m the Upper MkJ-Intertidal 
I 
o 
a. 
35 
30 
25 
20 
15 
10 
5 
0 
Before After 
Scrapmg Scraping 
Sept. Oct. Nov. Dec. Jan. 
Trampling Time Period 
Feb. Mar. Jury (four 
months 
after 
trampling 
stopped) 
I Control Treatment S 100 Step Treatment Q 200 Step Treatment B 300 Step Treatment j 
Figure 22. Mean percent cover of Tar-Spot Algae in the Upper Mid-Intertidal. Error 
bars are standard error with N=4. The data represented in the graphs is the back 
transformation of the arcsine square root transformed raw data. Elevation Effect p>0.05 
(Trampling and Recovery Period). 
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Figure 23. Mean percent cover of Tar-Spot Algae in the Mussel Bed. Error bars are 
standard error with N=4. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
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Encrusting and Articulate Coralline Algae 
Throughout the trampling experiment, there was a small change in the percent cover 
of coralline algae associated with the interactions between Treatment, Elevation and 
Time (p=0.065). Even though there was no Elevation Effect (p=0.080), when the data 
was qualitatively analyzed according to elevation, it is evident there is a distinct 
difference in coralline algal growth per elevation and treatment. Primary coralline algal 
growth occurred in the control treatment located within the Mussel Bed (See Figs. 24 and 
25). With one exception, consistent growth in coralline algae between treatments was 
only observed within the control treatment and 100 step treatment. This exception 
occurred within one of the 200 step treatments located within both elevations. Four 
months after trampling stopped, there was a small Treatment Effect (p=0.061) which 
primarily occurred between the control and 100 step and 300 step treatments within the 
Mussel Bed (p=0.016). 
Mean Percent Cover of Coralline Algae in the Upper Mid-Intertidal 
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Figure 24. Mean percent cover of Coralline Algae in the Upper Mid-Intertidal. Error 
bars are standard error with N=4. The data represented in the graphs is the back 
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transformation of the arcsine square root transformed raw data. Elevation Effect p>0.05 
(Trampling and Recovery Period). 
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Figure 25. Mean percent cover of Coralline Algae in the Mussel Bed. Error bars are 
standard error with N=4. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
Succession within the Control Treatments 
Between September and December 2006, percent cover of Polysiphonia species and 
the upright form of Mastocarpus spp. increased in the control treatments located within 
the Upper Mid-Intertidal (See Fig. 26). This increase was coupled with an initial increase 
in Cladophora species which then decreased over the duration of the trampling 
experiment. By March 2006, percent cover of the ephemeral algae and Endocladia 
muricata increased while that of Poly siphonia species and the upright form of 
Mastocarpus spp. decreased. There was also an increase in Pelvetiopsis limitata percent 
cover during this time period. Four months after trampling stopped, percent cover of the 
i-JI_ri^ 
Sept. Oct. Nov. Dec. Jan. Feb. Mar. :Jury(four 
Trampling Time Period j marAs 
after 
•trampling 
stopped) 
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ephemeral algae decreased while there was an increase in the upright form of 
Mastocarpus spp. and Pelvetiopsis limitata. 
Initial algal recovery within the control treatments located in the Mussel Bed was 
slow and limited to a peak in ephemeral algae and Scytosiphonia lomentaria occurring in 
October 2006 (See Fig. 27). By November 2006, E. muricata and tar-spot algae were the 
dominant species of algae (See Figs. 23 and 27). This dominance continued for the 
duration of the experiment. During the recovery phase of the experiment, cover of E. 
muricata decreased. Coupled with this decrease was an increase in ephemeral algae and 
the upright form of Mastocarpus spp.. 
Mean Percent Cover of Algae in the Control Treatment in the Upper Mid-Intertidal 
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Figure 26. Mean percent cover of Algae for the control treatment located in the Upper 
Mid-Intertidal. Error bars are standard error with N=4. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Cladophora species (MANOVA Treatment Effect p=0.031 (Trampling Period) and 
Treatment*Elevation Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA 
Treatment Effect p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 
(Trampling Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Figure 27. Mean percent cover of Algae for the control treatment located in the Mussel 
Bed. Error bars are standard error with N=4. The data represented in the graphs is the 
back transformation of the arcsine square root transformed raw data. Cladophora species 
(MANOVA Treatment Effect p=0.031 (Trampling Period) and Treatment*Elevation 
Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA Treatment Effect 
p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 (Trampling 
Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Succession within the 100 Step Treatment 
During the first three months of experimental manipulation, percent cover of 
ephemeral algae, Cladophora species, Polysiphonia species and S. lomentaria within the 
100 step treatments located in the Upper Mid-Intertidal increased (Figure 28). Percent 
cover of S. lomentaria and Polysiphonia species increased between September and 
December 2006. By the end of the experiment, there was a peak in Cladophora species 
percent cover coupled with a decrease in percent cover for ephemeral algae, Polysiphonia 
species and S. lomentaria. However, four months after trampling stopped, percent cover 
of Cladophora species decreased while percent cover of ephemeral algae and the upright 
form of Mastocarpus spp. increased. 
In conjunction with tar-spot algae (See Figs. 22 and 23), Polysiphonia species, and, 
to a lesser extent, Cladophora species were the dominant algal species observed in the 
100 step treatments located within the Mussel Bed (See Fig. 29). By the end of the 
treatment portion of the experiment and continuing through the recovery phase, percent 
cover of ephemeral algae was less than one percent. Although Cladophora species was 
observed during the entire experiment, percent cover decrease over time. In addition to 
Cladophora species, P. limitata and the upright form of Mastocarpus spp. were also 
observed with peaks in percent cover occurring early in November 2007 followed by a 
decrease by the end of the experiment. Between March and July 2007, percent cover of 
Polysiphonia species increased to levels similar to those observed in October 2006. 
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Figure 28. Mean percent cover of Algae for the 100 step treatment located in the Upper 
Mid-Intertidal. Error bars are standard error with N=4. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Cladophora species (MANOVA Treatment Effect p=0.031 (Trampling Period) and 
Treatment*Elevation Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA 
Treatment Effect p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 
(Trampling Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Figure 29. Mean percent cover of Algae for the 100 step treatment located in the Mussel 
Bed. Error bars are standard error with N=4. The data represented in the graphs is the 
back transformation of the arcsine square root transformed raw data. Cladophora species 
(MANOVA Treatment Effect p=0.031 (Trampling Period) and Treatment*Elevation 
Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA Treatment Effect 
p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 (Trampling 
Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Succession within the 200 Step Treatment 
During the first four months of treatment, percent cover of Cladophora species, 
ephemeral algae, Polysiphonia species and S. lomentaria increased in the 200 step 
treatments farthest from the water (See Fig. 30). By the end of the trampling phase, a 
peak in percent cover of Cladophora species was observed coupled with a decrease in 
ephemeral algae, Polysiphonia species and S. lomentaria. Four months later, percent 
cover of Cladophora species had decreased to less than one percent while percent cover 
of ephemeral algae had increased. In addition, there was an increase in the upright form 
of Mastocarpus spp. percent cover during the same time period. P. limitata, was 
observed within this treatment only in October 2006 and March 2007. 
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Figure 30. Mean percent cover of Algae for the 200 step treatment located in the Upper 
Mid-Intertidal. Error bars are standard error with N=4. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Cladophora species (MANOVA Treatment Effect p=0.031 (Trampling Period) and 
Treatment*Elevation Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA 
Treatment Effect p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 
(Trampling Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Between September and November 2007, percent cover of Polysiphonia species 
increased in the 200 step treatments closest to the water (Figure 31). This increase was 
followed by a decrease in percent cover one month later. Percent cover of Cladophora 
species increased between September and December 2006. By the end of the 
experimental and recovery phases, Polysiphonia species was not observed while 
Cladophora species percent cover dropped to less than one percent. E. muricata and the 
upright form of Mastocarpus spp. were observed only in December 2006 and March 
2007. Four months after trampling stopped, only ephemeral algae, Cladophora species 
and the upright form of Mastocarpus spp. were observed within the 200 step treatments 
located within the Mussel Bed 
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Figure 31. Mean percent cover of Algae for the 200 step treatment located in the Mussel 
Bed. Error bars are standard error with N=4. The data represented in the graphs is the 
back transformation of the arcsine square root transformed raw data. Cladophora species 
(MANOVA Treatment Effect p=0.031 (Trampling Period) and Treatment*Elevation 
Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA Treatment Effect 
p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 (Trampling 
Period). 5". lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Succession within the 300 Step Treatment 
In the 300 step treatments located within the Upper Mid-Intertidal, percent cover of 
Cladophora species increased significantly within two months of treatment initiation (See 
Fig. 32). While there was a slight fluctuation in percent cover for the duration of the 
experiment, this species in conjunction with the tar-spot algae was the dominant species 
observed. However, four months after trampling stopped, percent cover of Cladophora 
species had decreased to less than one percent. Percent cover of S. lomentaria and 
Polysiphonia species increased between September and December 2006. By the end of 
trampling and recovery phases, S. lomentaria was not observed in this treatment. In July 
2007, only ephemeral algae, Polysiphonia species and P. limitata were observed. 
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Figure 32. Mean percent cover of Algae for the 300 step treatment located in the Upper 
Mid-Intertidal. Error bars are standard error with N=4. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Cladophora species (MANOVA Treatment Effect p=0.031 (Trampling Period) and 
Treatment*Elevation Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA 
Treatment Effect p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 
(Trampling Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
55 
During the first three months of treatment, percent cover of Polysiphonia species and 
E. muricata increased in the 300 step treatment located in the Mussel Bed (See Fig. 33). 
By the end of the experiment, percent cover of Polysiphonia species was zero while 
percent cover of E. muricata was less than one percent. While percent cover of 
Polysiphonia species increased and E. muricata decreased by July 2007, the percent 
cover of both algal species was less than one percent. Cladophora species and S. 
lomentaria were observed only in October 2006 while ephemeral algae and the upright 
form of Mastocarpus spp. were noted only in July 2007. 
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Figure 33. Mean percent cover of Algae for the 300 step treatment located in the Mussel 
Bed. Error bars are standard error with N=4. The data represented in the graphs is the 
back transformation of the arcsine square root transformed raw data. Cladophora species 
(MANOVA Treatment Effect p=0.031 (Trampling Period) and Treatment*Elevation 
Effect p=0.053 (Trampling Period). Ephemeral Algae MANOVA Treatment Effect 
p=0.009 (Trampling Period) and Treatment*Elevation Effect p=0.007 (Trampling 
Period). S. lomentaria Elevation Effect p=0.038 (Trampling Period). 
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Richness 
Species Richness 
Between September and October 2006, overall species richness of algae and fauna 
within all four treatments doubled (See Fig. 34). Over the next two months, species 
richness within the control and trampling treatments increased. By March 2007, species 
richness within the control treatment remained similar to that observed in December 2006 
while species richness within the trampling treatments decreased. There was no 
significant Treatment or Elevation Effect or interaction effect with each other (p>0.05). 
Species richness of algae and fauna appeared higher in the Upper Mid-Intertidal when 
compared to the Mussel Bed (See Figs. 35 and 36). With the exception of the 200 step 
treatment in the Upper Mid-Intertidal, species richness increased in the areas associated 
with the different trampling treatments four months after trampling stopped. There was 
no detectable Treatment or Elevation Effect (p>0.05). 
Algal Richness 
Between September and December 2006, average cumulative algal richness 
increased in all four treatments (See Fig. 37). By March 2007, algal richness within the 
three trampling treatments had decreased to less than that observed in the control 
treatments. Four months after trampling stopped, algal richness within the areas 
associated with the 100 step and 300 step treatments had increase slightly while algal 
richness in the control and 200 step treatments decreased. The data analysis for the 
recovery period did not result in a significant effect for any of the factors tested. 
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Figure 34. Cumulative mean Fauna and Algal Species Richness. Error bars are standard 
error with N=8. The data represented in the graphs is the back transformation of the 
arcsine square root transformed raw data. Treatment Effect p>0.05 (Trampling and 
Recovery Period). 
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Figure 35. Mean Fauna and Algal Species Richness in the Upper Mid-Intertidal. Error 
bars are standard error with N=4. The data represented in the graphs is the back 
transformation of the arcsine square root transformed raw data. Elevation Effect p>0.05 
(Trampling and Recovery Period). 
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Mean Fauna and Algal Species Richness in the Mussel Bed 
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Figure 36. Mean Fauna and Algal Species Richness in the Mussel Bed. Error bars are 
standard error with N=4. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
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Figure 37. Cumulative mean Algal Species Richness. Error bars are standard error with 
N=8. The data represented in the graphs is the back transformation of the arcsine square 
root transformed raw data. Trampling Effect p>0.05 (Trampling and Recovery Period). 
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Mean Algal Species Richness in the Upper Mid-Intertidal 
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Figure 38. Mean Algal Species Richness in the Upper Mid-Intertidal. Error bars are 
standard error with N=4. The data represented in the graphs is the back transformation of 
the arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
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Figure 39. Mean Algal Species Richness in the Mussel Bed. Error bars are standard 
error with N=4. The data represented in the graphs is the back transformation of the 
arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
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Fauna Richness 
Similar to algal richness, fauna richness within both elevations increased between 
September and October 2006 (See Fig. 40). While there was a slight decrease in fauna 
richness within the 200 step and 300 step treatments in November 2006, fauna richness 
remained relatively consistent until March 2007. At the end of the trampling phase of the 
experiment, fauna richness within the trampling treatments had decreased. Although 
there was no detectable change in fauna richness associated with treatments, the results of 
the a priori contrasts showed a difference between the control and 200 step treatments 
(p=0.040). Between March and July 2007, fauna richness within each area increased. 
The only detectable effect that occurred during this time period was on a temporal scale 
(p=0.025). 
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Figure 40. Cumulative mean Fauna Species Richness. Error bars are standard error with 
N=8. The data represented in the graphs is the back transformation of the arcsine square 
root transformed raw data. A priori contrasts for the control and 200 step treatments 
p=0.040 (Recovery Period). 
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Figure 41. Mean Fauna Species Richness. Error bars are standard error with N=4. The 
data represented in the graphs is the back transformation of the arcsine square root 
transformed raw data. Elevation Effect p>0.05 (Trampling and Recovery Period). 
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Figure 42. Mean Fauna Species Richness in the Mussel Bed. Error bars are standard 
error with N=4. The data represented in the graphs is the back transformation of the 
arcsine square root transformed raw data. Elevation Effect p>0.05 (Trampling and 
Recovery Period). 
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Shannon-Wiener Diversity Index Index 
Percent Cover Diversity 
During the first four months of treatment, fauna and algal percent cover diversity 
increased (See Fig. 43). This increase was followed by a decrease three months later. 
Between March and July 2007, there was a further decrease in percent cover diversity in 
the control and 200 step treatments coupled with an increase in the 100 step and 300 step 
treatments (See Figs. 44 to 45). Although there were no detectable effects associated 
with treatment and elevation, there was a temporal effect (p=0.006) during the course of 
the trampling time period. 
Cunulative Mean Fauna and Algal Percent Cover Shannon-Weiner Diversity Index 
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Figure 43. Cumulative mean Fauna and Algal Percent Cover Diversity Shannon-Weiner 
Diversity Index. Error bars are standard error with N=8. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Treatment Effect p>0.05 (Trampling and Recovery Period). 
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Mean Fauna and A%al Percent Cover Shannon-Werner Diversity Index in the Upper Mid-
IntertkJal 
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Figure 44. Mean Fauna and Algal Percent Cover Diversity Shannon-Weiner Diversity 
Index in the Upper Mid-Intertidal. Error bars are standard error with N=4. The data 
represented in the graphs is the back transformation of the arcsine square root 
transformed raw data. Elevation Effect p>0.05 (Trampling and Recovery Period). 
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Figure 45. .Mean Fauna and Algal Percent Cover Diversity Shannon-Weiner Diversity 
Index in the Mussel Bed. Error bars are standard error with N=4. The data represented 
in the graphs is the back transformation of the arcsine square root transformed raw data. 
Elevation Effect p>0.05 (Trampling and Recovery Period). 
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Density Diversity 
Between September and December 2006, density diversity within all four treatments 
increased (See Figs. 46 to 48). By March 2007, density diversity within the control 
treatment had continued to increase while density diversity within the trampling 
treatments decreased to levels similarly observed in November 2006. During the course 
of the trampling phase, there was a detectable difference between density diversity in the 
control treatment versus the 200 step treatment (p=0.031) and the 300 step treatment 
(p=0.046). Four months after trampling stopped, overall density diversity within the 
control and trampling treatments increased. While there was a Treatment Effect 
(MANANOVA p=0.016), this difference occurred between the control treatment and the 
200 step and 300 step treatments (p=0.044). There was also a significant Time Effect 
during this recovery phase (p=0.00 and linear p=0.00), Site Effect (p=0.018) and 
Elevation Effect (p=0.013) that occurred during this time frame. 
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Cunuhtive Mean Fauna Density Shannon-Weiner Diversity Index 
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Figure 46. Cumulative mean Fauna Density Diversity Shannon-Weiner Diversity Index. 
Error bars are standard error with N=8. The data represented in the graphs is the back 
transformation of the arcsine square root transformed raw data. A priori contrast for the 
control treatment and 200 step treatment p=0.031 (Trampling Period).and the control 
treatment and 300 step treatment p=0.046 (Trampling Period). A priori contrast for the 
control treatment and 200 step treatment p=0.044 (Recovery Period).and the control 
treatment and 300 step treatment p=0.044 (Recovery Period). . 
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Mean Fauna Density Shannon-Weiner Diversity Index in the Mussel Bed 
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Figure 47. Mean Fauna Density Diversity Shannon-Weiner Diversity Index in the Upper 
Mid-Intertidal. Error bars are standard error with N=4. The data represented in the 
graphs is the back transformation of the arcsine square root transformed raw data. 
Elevation Effect p=0.013 (Recovery Period). 
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Figure 48. Mean Fauna Density Diversity Shannon-Weiner Diversity Index in the 
Mussel Bed. Error bars are standard error with N=4. The data represented in the graphs 
is the back transformation of the arcsine square root transformed raw data. Elevation 
Effect p=0.013 (Recovery Period). 
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Discussion 
The linkage between the nature of disturbance and recovery within natural systems is 
a well documented phenomenon. The individual attributes (shape, size, location, and 
time of clearance) of these disturbances or gaps have been shown to have a significant 
effect on colonization of the cleared area and biological interactions (Airoldi, 2003; 
Benedetti-Cecchi and Cinelli, 1994; Hunt et al., 2001; Kim et al , 1996; Paine, 1981; 
Sousa, 1979,1984a; Tanaka et al., 2002). For example, work done by Sousa (1985) 
showed that the size of the gap is not as significant as how the ratio of gap perimeter to 
area changes with gap size. This is important when an organism's life history is taken 
into account. During their reproductive cycles, many of the flora and fauna species that 
inhabit the rocky intertidal areas release planktonic propagules into the water column. As 
the ratio of edge to area increases with a decrease in gap size, smaller gaps are colonized 
faster than larger gaps due to an increase in concentration of planktonic propagules in 
these patches. Therefore, depending on patch dynamics, succession within intertidal 
systems follows a well-described trajectory in which clearings are colonized by pioneer 
species that give way to more dominant species over time (Airoldi, 2003; Benedetti-
Cecchi and Cinelli, 1994; Connell and Keough, 1985; Dayton, 1971, 1974 and 1975; 
Dye, 1993; Farrell, 1991; Hunt et al., 2001; Kim et al., 1996; Menge et al., 1993; Paine, 
1981; Sousa, 1979,1984a; Tanaka et al., 2002). 
Based on work done by Dayton and others, it has been established that disturbances 
play a key role in system functionality by creating open space. Within intertidal systems, 
the upper boundary of organism placement is generally limited by physical tolerances. 
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The lower boundary is set by biological factors such as predation and competition 
(Connell, 1977). Although many of the organisms living closer to the water maybe more 
dominant species, they have a low tolerance for changes within their physical 
environment. As a result, one organism can dominate an area thereby excluding other 
organisms from the same area. An example of competitive exclusion can be observed in 
the low intertidal region where mussels is the dominant species on primary substrate. As 
a result, space can be a limiting factor in species growth and movement. Clearings 
created by natural disturbances are, therefore, important to organisms that require open 
space for colonization. 
In addition to natural disturbances, benthic communities are exposed to 
anthropogenic disturbances. These disturbances can be categorized according to 
intensity, timing, and duration. As discussed previously, within the last thirty years 
scientists have begun to study how these disturbances affect communities and their 
associated biological and physical interactions. Within rocky intertidal areas, a primary 
focus has been that the effect human trampling has on intertidal assemblages, particularly 
algae. 
While not explicitly studied, several researchers have noted an increase in bare rock 
within highly visited areas. People typically avoid stepping on unstable mussel beds and 
slippery algae. Consequently, trails develop similar to those observed within terrestrial 
communities. Given the high productivity of the system, one would assume that over 
time these areas would be colonized thereby reducing the abundance of bare rock. 
However, bare rock within these pathways remains constant. Therefore, trampling 
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impedes natural succession in some manner. Recent work done by Terri Denis (2007) 
examined how a different trampling regime under varying environmental conditions 
affects the growth of Silvetia compressa. With the exception of Denis' work, very little 
has been done to research the simultaneous effect of trampling and natural disturbances 
within marine intertidal communities. Therefore, the results from this graduate research 
project are novel and help create a baseline understanding of how trampling as a 
secondary disturbance affects natural succession after a clearing event. 
Bare Rock 
HI. Human trampling will increase bare rock percent cover. 
During the course of the research, there was less bare rock abundance in the control 
treatments compared to the trampling treatments for both elevations. Substrate 
heterogeneity, however, was shown by qualitative analysis to cause significant 
differences in percent cover within each quadrat. The substrate that was smooth had a 
higher percent cover of bare rock than the substrate that was coved with cracks and 
crevices (See Figs. 49 and 50). These cracks and crevices acted as a refuge by protecting 
the settled larvae and propagules from trampling pressure. 
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Figure 49. Smooth rock 
Figure 50. Rock covered with cracks 
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Although not quantitatively measured, primary succession within the cleared areas 
occurred either along the gap perimeter and/or within the substrate cracks. This 
observation was similar to previous work that showed the absence of a canopy or other 
shading factor resulted in an increase in solar radiation on the cleared substrate (Davison, 
1993). As a result, algal growth within the center of a cleared area was determined by the 
presence or absence of substratum cracks. Even though algal over-growth within the 
middle of the cleared area was observed over time, this over-growth was primarily an 
overlapping of Cladophora species, Ulva species, Polysiphonia species, and/or 
Scytosiphonia lomentaria along a wide crack in the substrate. These cracks acted as mini 
reservoirs for collecting water, consequently they remained more saturated. Depending 
on orientation, the cracks acted as a shading mechanism during the day. In summary, 
these cracks act as a water source and canopy to prevent desiccation. Cracks could be 
viewed as an ameliorating factor which allows organisms, otherwise susceptible to 
trampling, to live in regularly trampled areas. 
Sessile Invertebrates 
H3. Human trampling will have a negative impact on mussel and barnacle recovery. 
Mytilus californianus. Within the study site, mussel beds occupy a large portion of 
the available primary substrate. Mussel beds are complex assemblages which are 
inhabited by a variety of macro and microscopic species. Although these mussel bed 
assemblages appear to be stable, natural disturbances, such as storm surges, can rip 
portions of the bed away from the substrate resulting in a destabilization of the mussel 
bed community. Some research has shown that recovery of mussel beds after a 
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disturbance is dependent on a variety of factors such as the season in which the 
disturbances occur, severity of the disturbance, natural variation, reproductive cycle, and 
recruitment (Benedetti-Cecchi and Cinelli, 1994; Connell and Keough, 1985; Cusson et 
al., 2005; Dayton, 1971,1974 and 1975; Dye, 1993; Farrell, 1991; Foster et al. 2003; 
Hunt et al., 2001; Kim et al., 1996; Menge et al., 1993; Paine, 1981; Sousa, 1970a, 
1979b, 1980,1984a, 1984b, 1985; Tanakaetal., 2002). 
During this experiment, no mussel recruits were observed in any of the treatments. 
As a result, changes in mussel cover were a result of encroachment and/or edge effect. 
The mussels located within the higher elevation were smaller when compared to those 
located in the mussel bed. The higher beds were primarily one to two layers (See Fig. 
51). These mussels were attached to either the substrate or adjacent mussels. As a result 
of the partial clearing event, the infrastructure of the surrounding mussels was weakened 
due to the decrease in available vertical surface area to which the remaining mussels 
could attach. 
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Figure 51. Mussels in the Upper Mid-Intertidal 
Previous studies have shown that trampling can erode mussel beds by weakening the 
mussels' byssal threads (Bronsan and Crumrine, 1994). With a weakened infrastructure, 
mussel beds are susceptible to human foot traffic. Based on this conclusion, it was 
expected that analysis of the data would show an increase in mean cover in the control 
treatments and a decrease in trampling treatments located in the Upper Mid-Intertidal. As 
predicted, percent cover of mussels within the control treatment was higher than the 100 
step and 300 step treatments. When compared to the 200 step treatment, however, 
percent cover was the same. 
During the initial stages of treatment, a large bundle of mussels was deposited into 
one of the 200 step treatments. There was an increase in percent cover associated with 
this particular treatment which in turn augmented the net percent cover for the 200 step 
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treatment within the Upper Mid-Intertidal. Due to this augmentation in percent cover, the 
coverage observed within the control and 200 step treatments were similar. 
In contrast, the mussels located within the Mussel Bed were larger and the beds 
themselves were composed of multiple mussel layers (See Fig. 52). Similar to the higher 
elevation, the partial clearing event produced gaps which in turn reduced the available 
surface area to which mussels attached. Unlike the single layer bed, the impact was not 
as severe as there was more vertical substrate to which the mussels along the perimeter 
could attach themselves. The tearing and tattering of the mussels associated with 
trampling was therefore isolated to the top layer of the bed. 
Figure 52. Mussels the Mussel Bed 
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Within all four treatments the percent cover of mussels in the Mussel Bed was 
higher than in the Upper Mid-Intertidal. As expected, coverage within the control 
treatment in the Mussel Bed was higher than the 100 step treatment but equal to or lower 
than M californianus coverage in the 200 step and 300 step treatments. This difference in 
percent cover is directly linked to treatment intensity. In the higher treatment levels, it 
was observed that the mussels were being pushed inward and downward by the stepping 
treatment. However, in the 100 step treatment, movement of the mussels into the cleared 
area did not occur. As a result, the net increase in mussels percent cover within the 200 
step and 300 step treatments located within the Mussel Bed was higher then the 100 step 
treatment. 
Coupled with observed elevation effect, there was significant variation within and 
between cleared areas relating to the perimeter of each quadrat. For example, in some 
cleared areas, the gap was completely surrounded by mussels (See Fig. 53). When 
trampling occurred, the mussels were therefore either pushed in or torn away from the 
sides depending on elevation and treatment. Some areas, in contrast, were not 
surrounded by mussels (See Fig. 53). As a result, there was less edge effect due to 
trampling. 
Although mosaic patterns within mussel beds occur naturally, trampling within the 
upper portion of the mussel bed reduced overall coverage. As a result, there was an 
increase in available primary space for less dominant fauna and algal species to use. This 
reduction in cover decreased the available habitat used by species living within and on 
the mussel. In contrast, high levels of trampling within the lower region of the beds can 
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have a positive effect by forcing the mussels inward therefore reducing the size of the 
cleared patch. It should be noted that observations made during the trampling time 
period revealed a decrease in the top layer of these mussel beds. 
Barnacles. Previous work has shown that percent cover of barnacles varies 
according to spatial distribution, seasonality, and trampling intensity (Jarrett, 2003). 
Although the effect of trampling on barnacles varied between studies, my observations 
and those of others have shown that trampling can crush barnacles thereby damaging the 
barnacles' protective shell (Povey and Keough, 1991). Although not qualitatively 
measured, a higher percent cover of empty barnacle shells was noted within the trampling 
treatments at the end of the trampling phase of the experiment. 
Barnacles begin life in a planktonic form then morph into the benthic form upon 
settlement. Studies have shown that barnacles tend to settle in cracks as well as near 
other barnacles (Chabot and Bourget, 1987; Crisp and Barnes, 1954; Knight-Jones, 
1953). This habitat preference coupled with the potential crack refuge could explain why 
barnacles were observed primarily in the Upper-Mid Intertidal (See Figs. 14 to 16). As 
expected, barnacle percent cover within the control treatments was higher than that 
within the trampling treatments. In addition, visual analysis showed that barnacle 
coverage within the trampling treatments was either within cracks or along the gap 
perimeter adjacent to the mussels (See Fig. 50). While trampling was shown to influence 
barnacle percent cover within the trampling treatments, competition and predation in 
conjunction with trampling also contributed to their presence or absence. 
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Within algal communities, canopy forming algae can be an ameliorating as well as 
an inhibiting growth factor. In the presence of these algae, some understory species take 
advantage of the shade which reduces their drying and exposure to solar radiation. 
However, in some cases, canopy algae can inhibit the growth of microscopic algae and 
interfere with grazing (Tyler-Walters, 2005). 
Mobile Invertebrates 
H4. Human trampling will have a positive impact on grazer recovery. 
Chlorostomafunebralis. Between August 2006 and July 2007, C. funebralis density 
remained ighest in the control treatment area for both elevations. This difference in 
density between the control and trampling treatments could be a function of available 
food abundance. Based on visual assessments, there appeared to be a reciprocal 
relationship between C. funebralis and tar-spot algae; however, the regression run on this 
relationship was not significant. This relationship could be caused by interspecific 
competition between tar-spot algae and ephemeral algae. Due to its dominance, tar-spot 
algae reduced growth of ephemeral algae, thereby reducing the available nutrients needed 
by C. funebralis. As a result, density of C. funebralis is lower in areas with higher 
coverage of tar-spot algae. 
A comparison of the two elevations showed a higher net density of C. funebralis in 
the Mussel Bed. This increased density could be a function of mussels cover. Foster et 
al. (1988) reported that during winter months, C. funebralis escapes storm pressure by 
nestling into cracks in the substrate. Once the storms have ceased, the snails emerge to 
feed. A similar behavior was observed in the lower elevation. However, instead of 
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nestling into cracks, C. funebralis nestled into the mussel beds. With a few exceptions, 
the majority of the grazers assessed were located within the mussel bed and not on the 
bare substrate (See Fig. 53). 
Figure 53. C. funebralis nestled within the mussels 
In addition to these long-term effects, trampling had an immediate impact on C. 
funebralis. It was observed that low levels of trampling displaced small C. funebralis 
species from the substrate (See Fig. 53). While the snails did manage to flip over, in a 
few cases the animals were crushed and died (See Fig. 54). 
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Figure 54. Displaced C. funebralis after 300 step treatment 
Lottia Species. Research has shown an increase in the density of limpets and other 
grazers after a disturbance is related to canopy removal. By reducing canopy cover, 
disturbances facilitate growth of microalgae which is the food source of certain species of 
limpets and other grazers. Therefore, increased microalgal abundance would lead to a 
proportional increase in gastropod grazers within the same area (Gharanshahi et al., 1983; 
Keough and Quinn, 1998; Povey and Keough, 1991; Tyler-Walters, 2005). However, as 
noted in the Tyler-Walters report, removal of macroalgae could have an adverse effect on 
those grazers who "graze periphyton or macroalgae directly" (Tyler-Walters, 2005, p.26). 
Although Povey and Keough (1991) observed increased limpet density within their 
trampling treatments, observations made during this experiment show that Lottia species 
density exhibited temporal and spatial variation which made it difficult to associate 
density changes with trampling pressure. Density within all four treatments, regardless of 
elevation, showed little variation. However, four months after trampling stopped there 
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was an increase in Lottia species density. This increase might be due to changes in 
recruitment and not a trampling artifact. 
Algae 
H2. Human trampling will have a negative impact on algal recovery. 
In central California, algal reproduction is high during the fall months (Foster et al. 
1988). This period of high algal reproductively coincides with low invertebrate 
reproductively and severe storms that occur later in the year. It has been suggested by 
Foster et al. (1988) and others that winter storms improve abiotic conditions for the algae. 
For example, the reproductive period of ephemeral algae occurs directly after winter 
storms. These storms open up primary space that ephemeral algae need to grow. 
Therefore, these storms augment abiotic conditions making them more favorable for 
ephemeral algae. Increases in algal abundance during and immediately after winter 
storms can also be attributed to decreases in gastropod grazing pressure during this same 
time period (Castenholtz, 1961; Cubit, 1984; Foster et al., 1988; Lubchenco and Cubit, 
1980; Underwood and Jernakoff, 1984). 
Algal succession after a natural disturbance is a function of the clearing event itself. 
Although natural disturbances can denude an area, remnants of algal basal structures and 
holdfasts are often still present on the substrate. As a result, subsequent succession is not 
limited to seasonal variation in larvae and propagule supply. Instead, re-growth can 
occur from the remaining organic material (Foster and Sousa, 1985). 
The size of the cleared patch can contribute to succession. The patch size used in my 
experiment is similar in size to the large patch size used by Farrell (1991) and Dye 
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(1993). In larger gaps, there is a decrease in canopy cover and other shading factors 
within the middle of the gap. As a result, there is a potentially dangerous increase in heat 
stress resulting in higher desiccation levels over time. Davison (1993) found that there 
was an increase in fucoid embryo and zygote mortality associated with dehydration 
within larger cleared areas. 
In my experiment, succession followed a general trajectory in which ephemeral algae 
(Porphyra species and Ulva species) colonized first after diatoms. Following ephemeral 
algal recolonization, Cladophora species, Polysiphonia species and Scytosiphonia 
lomentaria appeared. Although percent cover of the algae differed according to 
treatment and elevation, the dominant algae observed in any of the treatments was the 
functional group tar-spot algae. This functional group was composed of a variety of 
encrusting alternate forms of heteromorphic algae such as Scytosiphonia species 
("Ralfsia"), Petalonia species ("Ralfsia") and Mastocarpus species (Petrocelis species] 
and other encrusting algae. "Ralfsia " is an opportunistic species that has been observed 
to rapidly colonize cleared space after a disturbance (Dethier, 1981). Although "Ralfsia" 
has been shown to posses a low calorific value and is herbivore resistant, there is a close 
link between "Ralfsia" growth and grazing pressure within its immediate surroundings. 
"Ralfsia " is a poor competitor and can be quickly out-competed for space by other algae 
and barnacles. Invertebrate grazers consume these space competitors thereby allowing 
"Ralfsia " to grown un-checked. Due to its unique characteristics, "Ralfsia " has been 
classified as both an ephemeral and late-succession algae (Dethier, 1981). 
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Similar to "Ralfsia", Mastocarpus spp. in its encrusting form resembles tar spots on 
the substrate. As Mastocarpus spp. is a later successional species, initial colonization is 
limited by the timing of the clearing event and the presence or absence of reproductive 
gametophytes. Beginning in December 2006, there was a decrease percent cover of tar-
spot algae. This decrease corresponds to the emergence of the erect form of Mastocarpus 
spp.. In addition, seasonal reduction in "Ralfsia", as observed by Dethier (1981), could 
have contributed to the decrease in overall tar-spot algae percent cover. 
The upright form of Mastocarpus spp. was observed along the edges and center of 
the control treatment in the Upper Mid-Intertidal. In contrast, the upright form of 
Mastocarpus spp.coverage within the trampling treatments was low, with growth 
occurring along the edges. Due to the lack of visible Mastocarpus spp.in trampling 
treatments, it could be inferred that trampling either reduces coverage of the encrusting 
form of Mastocarpus spp. or interferes with the metamorphic change its encrusting and 
upright form. 
There was a higher abundance of Cladophora species in the treatments located in the 
Upper Mid-Intertidal. However, abundance within the trampling treatments increased 
over time while that within the control treatment decreased. Based on personal 
observations, trampling appeared to squash the algae instead of tearing. Although a few 
thalluses were torn from the holdfast, the holdfast itself remained intact. Desiccation was 
observed to decrease Cladophora species abundance more than trampling (See Fig. 55). 
Although Endocladia muricata was observed, it was mainly limited as epiphytic on 
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mussels located within the control treatment. 
Figure 55. Picture of desiccation within a Cladophora mat. 
Coralline algae are highly susceptible to desiccation (Steneck, 1986). As a result 
they are found primarily in the lower/sub-intertidal, usually as part of the understory or 
adjacent to other organisms such as anemones that provide moisture and/or protection 
from solar radiation (Foster et al., 1988). It was not surprising, that with one exception, 
recolonization occurred primarily within plots located in the lower elevation. 
Consistent growth of upright and encrusting coralline algae over time occurred 
primarily in the control treatments located within the mussel beds. In the instances where 
growth occurred within the 100 and 200 step treatments, visual analysis showed that the 
growth occurred either within substrate dips or adjacent to ameliorating anemones and/or 
mussels (See Figs. 56 A and 65 B). These results are similar to previous experiments that 
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showed trampling can have a negative effect on the vertical growth of upright coralline 
algae (Brown and Taylor, 1999; Povery and Keough, 1991). Growth reduction is due to 
the removal of apical tissue resulting in a reduction in height. As a result, there is a 
decrease in the concentration of detritus trapped within the algal thallus and a reduction 
of periphytal growth due to a decreased availability of surface area for growth. This in 
turn causes an overall reduction of available food resources for associated epifaunal 
species (Brown and Taylor, 1999). 
Figure 56. Coralline algal growth in a 200 step treatment located in A) Upper Mid-
Intertidal and B) Mussel Bed. 
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Species Richness and Diversity 
H5. Trampling will have a negative effect on species richness and diversity. 
Natural disturbances create patches within intertidal regions. Depending on the 
disturbance's timing, patches "reflect variationfs] in recovery from prior disturbances" 
(Foster et al., 1988, p. 33). Intuitively, one would assume that species richness and 
diversity within disturbed areas would be low; however, this is not always the case. To 
explain this paradox, the intermediate disturbance hypothesis was proposed (Connell, 
1977). In this model, species diversity is highest in areas exposed to intermediate 
disturbances. In low disturbance areas, competitively dominant species excluded 
subordinate species. In high disturbance areas, local extinction can occur (Dial and 
Roughgarden, 1998). 
Based on this theory, I hypothesized that overall species richness and diversity in the 
control treatments would be similar to that observed in the 100 step treatments 
(intermediate disturbance). While observations supported this hypothesis (See Figs. 31-
39), species richness within the 200 and 300 step treatments was higher than expected. 
This could be explained by variation in species richness within each quadrat. For 
example, in some quadrats, mussels was the only organism observed. In other quadrats, 
however, mussels, C. funebralis, and tar-spot algae were seen. Therefore, the richness of 
individual species varied between quadrats. Additionally, richness is a count of how 
many different individual species are present in a given sample. It does not take into 
account species abundance and mass. For instance, density of C. funebralis was highest 
within the control treatments. However, C. funebralis was observed in all the treatments. 
86 
As a result, species richness and fauna richness would be the same across all four 
treatments. Therefore, overall species richness, algal richness, and fauna richness does 
not give an accurate accounting of the coupled effect of trampling and natural 
disturbances. 
In contrast, the Shannon-Weiner Diversity Diversity Index (H') does take into 
account species richness and abundance. The results of this experiment showed that 
diversity within the percent cover data (all the algal specie, mussels and Barnacle species) 
was relatively the same within all four treatments. While this could indicate trampling 
does not effect percent cover diversity, in some quadrats diversity remained low due to 
high percent cover of bare rock, and/or mussels. On the other hand, density diversity 
within the control and 100 step treatments in both the Upper Mid-Intertidal and Mussel 
Bed were higher than in the 200 step and 300 step treatments. This increase in density is 
probably a function of the observed grazers susceptibility to trampling pressure. 
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Trampling Model 
Based on the results from this experiment and previous work done by Menge and 
Sutherland (1987), I developed the following conceptual model (See Fig. 57) was 
developed to explain how trampling affects natural succession after a clearing event. In 
this model, natural disturbance creates primary space after which succession begins. If 
natural processes are allowed to proceed, succession will continue until the climax state is 
achieved. 
If trampling occurs after the clearing event, the succession trajectory is altered. The 
degree of alteration depends on trampling intensity and duration. In the presence of 
constant trampling, an alternate state is formed in which early succession slows and bare 
rock abundance increases or remains the same. Similarly, if trampling is intermittent, 
early succession slows but there is less bare rock present. In either case, succession does 
not proceed past early succession until trampling stops. Under low trampling conditions 
succession cycles between early and intermediate succession. 
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Alternate state with delayed succession and an abundance of bare rock 
Constant Trampling" 
Disturbance 
occurs 
creating 
cleared 
substrate 
Early 
Succession 
No 
Trampling 
Intermediate 
Succession 
Intermittent Trampling* 
Climax 
State 
Low Trampling* 
Alternate state with succession delayed 
* External physical and biological factors can enhance or inhibit the effect of 
trampling 
Figure 57. Conceptual model of trampling as a secondary disturbance after a natural 
disturbance 
A caveat should be added that the clearings used in this experiment are similar in size 
to those used in other recruitment and patch dynamic studies (Farrell, 1991; Dye, 1993). 
While observations made in this experiment were similar to those made by Dye (1993), 
the overall impact of simultaneous trampling and natural disturbance on succession will 
change according to patch dynamics, seasonal and spatial variation, and supply-side 
ecology. 
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Conclusions and Recommendations 
After a natural clearing event, intermittent trampling can disrupt recovery processes 
thereby resulting in a reduction of habitat forming algae, potential predation refuges, and 
food sources for higher trophic levels. For fragile algae, such as coralline species, 
intermediate to high levels of trampling were observed to inhibit recovery after a natural 
clearing event. For mobile mollusk species, low levels of trampling were observed to 
dislodge, displace, and/or crush the organisms depending on animal size. Observations 
also showed that low levels of trampling decreased mussels cover due to the weakening 
of the mussels' byssal threads and subsequent removal along the gap perimeter. 
As previously discussed, prior trampling studies showed that human foot traffic can 
have a deleterious impact on established intertidal communities. As such, mitigation 
measures were tailored to minimize these effects. Povey and Keough (1991) suggested a 
scheme in which access to intertidal areas is rotated. Under this plan, the "open" and 
"resting" times would be determined based on the intertidal area's sensitivity, resistance 
and resilience to disturbance. For instance, at the Fitzgerald Marine Reserve, certain 
areas of the intertidal platform have been closed off to visitors. Under this management 
scheme, marine resource managers are able to control human movement within the 
intertidal community while still allowing visitors to experience intertidal life. However, 
due to limitations in lateral movement across the platform, trampling pressure within the 
allowable areas increases. As a result, these areas become "sacrifice" areas that are 
allowed to be damaged in order to preserve other portions of the intertidal platform. 
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While this and other marine resource management and conservation plans include 
components to minimize the impact of trampling on established communities, the results 
of this project show that these plans also need to include a component to mitigate for the 
impact of trampling after a significant clearing event. Following the advice of Povey and 
Keough (1991), whenever possible, areas that have been severely disturbed should be 
closed off to the public. Depending on the timing and extent of the clearing event, the 
duration of the closure should be long enough to allow uninterrupted recovery of these 
areas to begin. Preemptive measures should be taken to limit educational and public 
tours during and immediately after the winter storm season. 
To facilitate public awareness of the importance of avoiding recently disturbed areas, 
public and educational tours should include a component that explains the sensitivity of 
the area to anthropogenic influences after a significant natural disturbance. Visible signs 
should be posted within visitor centers and along paths leading to the intertidal platform. 
These signs should require people to stay away from recently disturbed intertidal areas. 
Future studies spanning several seasons and locations are warranted to determine the 
long term effects that occur when a natural disturbance overlaps with an anthropogenic 
disturbance. The results of these studies should be compiled into a central information 
network. Similar to The Marine Life Information Network (MarLIN) for Britain and 
Ireland, this central information network should also contain information pertaining to the 
timing and intensity of natural and anthropogenic disturbances. Using this information, a 
sensitivity index ranking a system's vulnerability to both types of disturbances should be 
designed. Resource managers can identify periods of high vulnerability and then, when 
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possible, limit human movement within the system during these periods. Protocols for 
long term monitoring of intertidal areas that receive simultaneous natural and 
anthropogenic disturbances should also be developed and implemented by resource 
managers. 
This research project was a pilot study looking at the coupled impact of natural and 
anthropogenic disturbances on recovery within a rocky intertidal system. Although the 
results for some of the factors tested were inconclusive, there was enough evidence to 
indicate that intermittent trampling can affect recovery after a clearing event. However, 
it should be noted that the data collected and subsequent analysis illustrated a snap shot in 
time pertaining to the study site. 
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After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
1 
Sand 
0 
0 
9 
0 
0 
0 
10 
0 
0 
0 
0 
9 
0 
0 
0 
30 
5 
0 
0 
0 
9 
0 
0 
0 
8 
0 
0 
0 
0 
9 
0 
0 
0 
19 
3 
0 
Bare 
Rock 
3 
100 
94 
81 
79 
77 
56 
62 
87 
0 
100 
76 
60 
44 
37 
1 
32 
32 
7 
100 
71 
70 
66 
61 
23 
46 
79 
0 
100 
79 
57 
39 
18 
13 
23 
13 
Ephemeral 
Algae 
18 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
5 
1 
4 
2 
20 
13 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Scytosiphon 
lomentaria 
13 
0 
0 
2 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Polysiphonia 
sp. 
2 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
1 
5 
18 
23 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
4 
16 
21 
0 
0 
0 
111 
Block Transect 
1 
_ 
— . 
. 1 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
L, 
— J. 
L 
1
. 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
1 
Cladophora 
sp. 
1 
0 
0 
1 
0 
2 
2 
4 
0 
0 
0 
0 
0 
1 
2 
3 
5 
1 
0 
0 
2 
12 
11 
10 
9 
8 
2 
0 
0 
0 
15 
13 
12 
10 
20 
0 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.01 
0.01 
0.09 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Tar-
Spot 
Algae 
9 
0 
29 
26 
21 
18 
33 
22 
14 
0 
0 
2 
6 
5 
6 
5 
3 
1 
0 
0 
5 
7 
16 
11 
27 
16 
7 
0 
0 
7 
25 
22 
13 
16 
27 
10 
Endocladia 
muricata 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
112 
Block Transect 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
^ ^ B 2 ^ ^ ^ ^ H 
^ ^ H 2 ^ ^ ^ ^ H 
^ ^ H 2 ^ ^ ^ ^ H 
^^ H 2^^ ^^ 1 
^^ H 2 ^ ^^^1 
^^H 2 ^ ^^^H 
I I I 2 ^^^^H 
^ ^ H 2 ^ ^ ^ ^ | 
^ H B 2 ^ ^ ^ ^ H 
I^ ^H 2 ^ ^^^1 
^ ^ H 2 ^ ^ ^ ^ H 
^^ H 2^^ ^^ 1 
^^ H 2^^^^1 
^ ^ H 2 ^ ^ ^ ^ H 
^ ^ H 2 ^ ^ ^ ^ | 
^ ^ H 2 ^ ^ ^ ^ H 
1 2 
2 
2 
2 
2 
2 
2 
2 
2 
1 2 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Cladophora 
sp. 
18 
0 
5 
1 
11 
9 
4 
5 
0 
1 
0 
1 
2 
0 
7 
1 
1 
1 
0 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1.1 
1.5 
1.7 
1.9 
2 
2 
Tar-
Spot 
Algae 
13 
0 
18 
40 
43 
29 
44 
59 
22 
34 
0 
43 
48 
44 
40 
30 
37 
4 
0 
0 
38 
13 
49 
43 
24 
23 
5 
0 
0 
26 
18 
51 
30 
22 
23 
20 
Endocladia 
muricata 
6 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
7 
0 
6 
0 
0 
0 
10 
0 
5 
3 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
113 
lock Transect 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
lOOSteps 
W^m 3^^^^1 
^^B 3 ^ ^ ^ ^ | HH 3 ^^ ^^1 l^ H 3 ^^^^H 
^ ^ H 3 ^ ^ ^ ^ | 
^^m 3 ^ ^ ^ H 
^ ^ H 3 ^ ^ ^ ^ | 
^^H 3^^^^1 
^^H 3 ^ ^^^1 
^ ^ H 3 ^ ^^^H 
H H 3 ^ ^ ^ ^ | 
^ ^ H 3^^^^^| 
W^m 3 ^ ^ ^ ^ | | ^ ^ B 3 ^ ^ ^ ^ | 
^ ^ H 3 ^ ^ ^ ^ | 
^ ^ H 3 ^ ^ ^ ^ 1 
1 3 
3 
3 
3 
3 
3 
3 
3 
3 
1 3 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Cladophora 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.02 
0.5 
0.6 
0.3 
0.2 
Tar-
Spot 
Algae 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
13 
2 
1 
1 
1 
0 
Endocladia 
muricata 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
6 
6 
3 
3 
2 
0 
0 
0 
11 
11 
19 
27 
32 
19 
114 
Block Transect 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
^^ H 4 ^^^^1 
^^ H 4 ^^ ^^ H 
^^H 4 ^ ^^^H 
^^ H 4 ^^^^1 
^^ H 4^^^^1 |^^H 4 ^ ^^^H 
^^ H  ^^^^1 
^^H 4 ^ ^^^H 
^^H 4 ^ ^^^H 
4 
4' 
^^B 4 ^ ^^^H I^H  ^^^^1 
^^H 4 ^^ ^^ H 
^^ B 4 ^^ ^^ H 
fl^H 4^^^^1 1 4 
4 
4 
4 
4 
4 
4 
4 
4 
1 4 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
1 
Cladophora 
sp. 
0 
0 
3 
3 
0 
1 
2 
3 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0.03 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Tar-
Spot 
Algae 
0 
0 
0 
3 
33 
12 
22 
13 
3 
11 
0 
1 
8 
8 
2 
3 
2 
0 
10 
0 
1 
3 
2 
3 
5 
6 
0 
0 
0 
0 
2 
11 
5 
2 
1 
5 
Endocladia 
muricata 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
18 
0 
115 
Block Transect 
S 
5 
J5 
5 
5 
S 
6 
5 
* 
ft 
f, 
* 
' S . 
1 ft 
1- *" 5 
! $ 
SL 
i '5 
i 5 
5 
. 5 
1 • 5 [. 5 
, , ' , 5 1 * 
9 
s 
1 s 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
lOOSteps 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Cladophora 
sp. 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Encrusting 
Coralline Algae 
sp. 
1 
0 
0 
0.03 
0.03 
0.5 
0 
0 
0 
1 
0 
0 
0.1 
0 
0.3 
0.22 
0.17 
0.9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 
0.3 
0 
0.9 
1 
Tar-
Spot 
Algae 
30 
0 
5 
12 
33 
45 
6 
56 
26 
30 
0 
24 
53 
36 
45 
22 
27 
68 
0 
0 
0 
0 
2 
2 
2 
1 
3 
0 
0 
0 
1 
26 
49 
0 
3 
0 
Endocladia 
muricata 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Block Transect 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
1^1 
^^H i^ H 
^ f^l 
^^H 
^^H 
^^H 
^^H 
^^H 
|^ ^B 
^^H 
^IH 
^^H 6 
i 6 
^^H 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
lOOSteps 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
1 
Cladophora 
sp. 
35 
0 
2 
6 
7 
10 
15 
21 
1 
7 
0 
7 
11 
6 
7 
48 
11 
0 
26 
0 
0 
17 
11 
18 
6 
18 
0 
0 
0 
0 
0 
0 
0 
2 
3 
0 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Tar-
Spot 
Algae 
12 
0 
5 
19 
22 
30 
6 
34 
3 
0 
0 
1 
9 
36 
51 
15 
4 
5 
2 
0 
2 
12 
7 
20 
19 
20 
7 
0 
0 
0 
0 
1 
3 
6 
7 
1 
Endocladia 
muricata 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.5 
0 
0 
0 
0 
0 
117 
Block Transect 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
JOOSteps 
^^ H 7 ^^^^1 
^^H 7 ^ ^^^H 
^^H 7^^^^H 
^^H 7 ^ ^^^H 
^^H 7 ^ ^^^H 
^^H 7 ^ ^^^H 
^^H 7 ^ ^^^H 
^^H 7 ^ ^^^H 
^^H 7 ^^^^1 
^^H 7 ^ ^^^H 
^^H 7 ^ ^^^H 
^^H 7 ^^^^1 
• • 7 ^^^^H 
^^H 7^^^^1 
^^fl 7 ^^^^1 
^^H 7 ^^^^H 
7 
7 
7 
7 
7 
7 
7 
7 
7 
1 7 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Cladophora 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0 
0 
0 
0.3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Tar-
Spot 
Algae 
0 
0 
0 
6 
2 
4 
10 
13 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
4 
2 
3 
6 
2 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Endocladia 
muricata 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Block Transect 
8 
8 
8 
8 
8 
8 
" 8 
8 
8 
8 
_ . .JL 
8 
8_ 
8 
8 
8 
8 
_ —A 
8 
8 
.. _ ? -
" " _ . . B _ 
8~ 
8 
8_ 
L 8~ 
7 JB_ 
8 
| 8 
r
 8 
, . __8_ 
8 
1 8 
r
 8 
[~ .8 
i 8 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
lOOSteps 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
1 
Cladophora 
sp. 
9 
0 
1 
2 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
3 
3 
2 
3 
0 
0 
0 
Encrusting 
Coralline Algae 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Tar-
Spot 
Algae 
16 
0 
7 
11 
10 
10 
34 
38 
8 
0 
0 
0 
2 
2 
1 
0 
0 
0 
0 
0 
8 
21 
26 
32 
45 
34 
5 
0 
0 
0 
1 
1 
1 
1 
3 
0 
Endocladia 
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0 
0 
29 
3 
0 
0 
4 
0 
2 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
4 
13 
5 
30 
5 
16 
16 
Nucella 
spp. 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Lottia 
sp. 
10 
0 
0 
22 
1 
2 
2 
0 
11 
0 
0 
2 
2 
0 
0 
0 
0 
3 
0 
0 
0 
3 
3 
15 
1 
3 
1 
0 
0 
3 
6 
2 
6 
2 
4 
6 
Anthopleura 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
128 
Block Transect 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
lOgSteps 
^ ^ H 2 ^ ^ ^ ^ | 
^ ^ H 2 ^ ^ ^ ^ | 
^^H 2 ^^ H^ 
^ ^ H 2 ^ ^ ^ ^ | 
^ ^ H 2 ^^^^H 
^ ^ B 2 ^ ^ ^ ^ | 
^ ^ H 2 ^ ^ ^ ^ | 
^ ^ H 2 ^^^^H 
^ ^ H 2 ^^^^H 
^ ^ 1 2 ^ ^ ^ ^ | 
^^H 2 ^ ^^^1 
^^H 2 ^ ^^^1 
^^H 2^^^^1 
^ ^ H 2 ^ ^ ^ ^ | 
^ ^ H 2 ^ ^ ^ ^ | 
^ ^ H 2 ^ ^ ^ ^ 1 
1 2 
2 
2 
2 
2 
2 
2 
2 
2 
1 2 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After 
Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Barnacle 
sp. 
23 
0 
0 
1 
5 
7 
9 
11 
36 
26 
0 
0 
1 
2 
3 
5 
5 
16 
0 
0 
1 
2 
2 
9 
2 
6 
20 
0 
0 
0 
3 
9 
5 
13 
11 
12 
Chlorostoma 
funebralis 
187 
0 
0 
0 
0 
0 
0 
0 
27 
172 
0 
0 
1 
0 
0 
0 
0 
19 
0 
0 
0 
0 
0 
3 
1 
1 
6 
0 
0 
4 
3 
6 
1 
0 
8 
17 
Nucella 
spp. 
4 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
4 
0 
0 
1 
0 
0 
0 
0 
1 
2 
Lottia 
sp. 
11 
0 
0 
0 
6 
6 
1 
1 
20 
26 
0 
0 
1 
1 
5 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 
0 
16 
0 
0 
0 
4 
0 
1 
0 
0 
7 
Anthopleura 
sp. 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
5 
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Block Transect 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
' • ! 
• " ' • % 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
3^^^H 
3^^^H 
'3 
3 
3. 
3 ^ ^ M 
P ~ 3 ^ ^ ^ | 
! 3 
z^^^m 
i' 3 
3 
3 
! 3 
' 3 
1 3 
1 ' 3 
! 3 
r 3 
3 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Barnacle 
sp. 
0 
0 
0 
0 
0 
9 
1 
1 
2 
0 
0 
0 
2 
1 
2 
2 
0 
1 
0 
0 
0 
1 
2 
3 
3 
3 
2 
0 
0 
0 
Chlorostoma 
funebralis 
0 
0 
0 
23 
6 
17 
7 
1 
8 
0 
0 
0 
19 
1 
0 
0 
0 
22 
0 
0 
0 
10 
13 
29 
8 
1 
13 
0 
0 
0 
10 
6 
5 
9 
13 
31 
Nucella 
spp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
Lottia sp. 
0 
0 
0 
0 
1 
1 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
2 
0 
0 
4 
Anthopleura sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
1 
6 
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Block Transect 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
^^B 4^^^H 
^^H 4^^^H 
^^H 4^^^H 
^^1 4^^^H 
^lH *^^^H 
^^•' -'
 4
^^^H 4 
4 
4 
^^1 4^^^H 
^^H 4^^^H 
^Hi 4^^^H 
^^H 4^^^H i^H 4^^^H 4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation Barnacle 
sp. 
0 
0 
0 
1 
2 
1 
1 
1 
0 
12 
0 
0 
5 
5 
5 
1 
1 
0 
42 
0 
0 
0 
1 
3 
1 
1 
1 
63 
0 
0 
1 
1 
2 
1 
1 
2 
Chlorostoma 
funebralis 
0 
0 
17 
0 
0 
0 
0 
0 
14 
30 
0 
0 
0 
0 
0 
0 
0 
0 
50 
0 
0 
0 
2 
0 
0 
0 
0 
166 
0 
0 
0 
1 
0 
0 
7 
19 
Nucella 
spp. 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
Lottia sp. 
0 
0 
0 
17 
2 
5 
8 
7 
6 
1 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
2 
2 
2 
2 
0 
0 
0 
24 
0 
0 
0 
1 
0 
0 
0 
3 
Anthopleura sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
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Block Transect 
5 
r
» '4 
4 
•' - ; s 
; '. -':' * 
» s 
" • " " : "* '& 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
H ^^ H 
^^^^^^H i^^^^^^^^^^fl 
"S 
* '*' Sk 
^^^^^K " '^'ff^^^^^^^^l 
" ' "
l
*fiL 
t ' JE 
f *« CM 
I * „ . ' J 
[ * *' •» 'f i l l 
1 * - ?*'."? 
^^ ^^ ^^ H r '^"X^^^^^^^^^^l 
^^^^^^K . * 'Ql^^^^^^^^^l 
^ ^ ^ ^ ^ • * .* " ~<>'"9»^^^^^^^H 
f ' ""•# 
,-g 
[ 1 
' • 6 
r » 
r * 
r '* r"_l'"*i """w 
[ " • ' • ' • • • ' i 
[ >Q 
'-'" "£ 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Barnacle 
sp. 
8 
0 
0 
1 
2 
2 
0 
7 
4 
8 
0 
0 
0.5 
1 
1 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Chlorostoma 
funebralis 
26 
0 
4 
10 
1 
3 
10 
0 
9 
12 
0 
0 
1 
2 
12 
5 
7 
4 
0 
0 
0 
5 
3 
7 
1 
0 
5 
0 
0 
0 
29 
16 
13 
3 
12 
29 
Nucella 
spp. 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
5 
3 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
1 
0 
0 
0 
0 
2 
Lottia sp. 
37 
0 
0 
0 
1 
3 
1 
1 
11 
6 
0 
0 
0 
0 
4 
1 
2 
20 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
1 
0 
1 
1 
1 
Anthopleura sp. 
1 
0 
0 
4 
0 
6 
2 
8 
7 
1 
0 
0 
1 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
2 
2 
2 
4 
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Block Transect 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
^ ^ H G^^^H 
^^H s^^^H 
^ ^ 1 6^^^H 
^^M e^^^H 
^^M 6 ^ ^ ^ | 
^^H s^^^H 6 
6 
6 
^^B 6I^^^H 
^^H 6^^^H 
^^1 6^^^H 
^^H e^^^H 
^^H 6 ^ ^ H 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation Barnacle 
sp. 
15 
0 
0 
1 
1 
1 
14 
2 
2 
18 
0 
0 
1 
1 
1 
2 
5 
3 
2 
0 
0 
0 
1 
2 
1 
2 
2 
0 
0 
0 
1 
3 
3 
3 
6 
2 
Chlorostoma 
funebralis 
29 
0 
0 
15 
0 
0 
0 
4 
9 
87 
0 
0 
2 
1 
2 
10 
1 
17 
27 
0 
5 
19 
0 
6 
3 
4 
6 
0 
0 
0 
3 
4 
7 
10 
1 
12 
Nucella 
spp. 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
Lottia sp. 
17 
0 
0 
0 
0 
4 
2 
3 
15 
2 
0 
0 
0 
0 
3 
4 
0 
6 
2 
0 
0 
0 
0 
9 
1 
0 
18 
0 
0 
0 
4 
0 
5 
6 
3 
13 
Anthopleura sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Block Transect 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
«HHHKf3 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
tyTdMTffM 
Mssm 
7 
7 
7 
BHHB 
1 7 
7 
7 
1 7 
7 
7 
7 
1 7 
7 
| 7 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Barnacle 
sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.25 
0.25 
0.5 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
Chlomstoma 
funebralis 
0 
0 
0 
0 
1 
1 
0 
2 
0 
0 
0 
0 
0 
0 
11 
5 
0 
4 
0 
0 
0 
3 
0 
0 
0 
4 
5 
0 
0 
0 
6 
9 
0 
1 
4 
5 
Nucella 
spp. 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
2 
3 
0 
0 
0 
0 
0 
0 
1 
4 
3 
0 
0 
0 
0 
0 
0 
1 
2 
0 
Lottia sp. 
0 
0 
0 
5 
0 
1 
1 
4 
5 
0 
0 
0 
0 
2 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
18 
3 
0 
0 
0 
0 
1 
0 
0 
0 
1 
Anthopleura sp. 
0 
0 
0 
0 
1 
1 
1 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
2 
2 
2 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Block Transect 
8 
8 
,8 
a 
8 
8 
8 
8 
8 
8 
8 
8 
Treatment 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
100 Steps 
^ B B^^^M 
^ ^ 1 s^^^H 
^ M i^^^H M 
• a 
|" i 
| 8 
* 
\: 8 
' ~* 
S 
-a 
"6 
8 
8 
8 
8 
" 6 
8 
' * 
1 8 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Control 
Month 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Before 
Scraping 
After Scraping 
Sep 
Oct 
Nov 
Dec 
Feb 
March 
July 
Elevation Barnacle 
sp. 
45 
0 
1 
0 
0.5 
0.5 
0.5 
1 
0 
0 
0 
0 
0 
0 
0.25 
0 
0.25 
0 
4 
0 
0 
1 
0.5 
0.5 
0.5 
0 
0 
0 
0 
0 
0 
0.5 
1 
0.5 
1 
0 
Chlorostoma 
funebralis 
86 
0 
6 
1 
3 
1 
0 
0 
9 
0 
0 
6 
19 
0 
12 
6 
0 
8 
22 
0 
0 
0 
0 
4 
0 
2 
0 
0 
0 
4 
24 
16 
25 
16 
9 
3 
Nucella 
spp. 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
3 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
6 
1 
6 
1 
Lottia sp. 
8 
0 
4 
5 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
0 
4 
5 
6 
7 
0 
0 
5 
0 
0 
0 
0 
2 
3 
0 
0 
4 
Anthopleura sp. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
2 
2 
0 
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Appendix B 
Statistical Analysis Results 
136 
Bare Rock RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Time 
Time * Site 
Time * Elevation 
Time* Site * 
Elevation 
Treatment * Time 
Treatment * Time 
*Site 
Treatment * Time 
* Elevation 
Treatment * Time 
* Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.891 
.109 
.791 
.209 
.796 
.204 
.238 
.762 
.994 
.006 
.992 
.008 
.664 
.336 
.941 
.059 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
5.441(b) 
5.441(b) 
2.530(b) 
2.530(b) 
2.609(b) 
2.609(b) 
208(b) 
208(b) 
39.073(b) 
39.073(b) 
32.158(b) 
32.158(b) 
.493(b) 
.493(b) 
4.011(b) 
4.011(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.159 
.159 
.296 
.296 
.289 
.289 
.884 
.884 
.119 
.119 
.131 
.131 
.772 
.772 
.356 
.356 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within Subjects 
Effect 
Treatment 
Time 
Treatment * 
Time 
Mauchly's W 
.210 
.000 
.000 
Approx. Chi-
Square 
4.254 
20.530 
df 
5 
9 
77 
Sig. 
.537 
.037 
Greenhouse-
Geisser 
.562 
.314 
.278 
Huynh-Feldt 
1.000 
.735 
1.000 
Lower-
bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Witbin-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III 
Sum of 
Squares 
3132.743 
3132.743 
3132.743 
823.302 
823.302 
823.302 
1115.599 
1115.599 
1115.599 
659.301 
659.301 
659.301 
3402.779 
3402.779 
3402.779 
16252.329 
16252.329 
16252.329 
660.425 
660.425 
660.425 
471.424 
471.424 
471.424 
220.493 
220.493 
220.493 
1972.442 
1972.442 
1972.442 
1246.921 
1246.921 
1246.921 
351.115 
351.115 
351.115 
503.350 
503.350 
503.350 
463.510 
463.510 
463.510 
3532.915 
3532.915 
3532.915 
df 
3 
1.686 
3.000 
3 
1.686 
3.000 
3 
1.686 
3.000 
3 
1.686 
3.000 
12 
6.743 
12.000 
4 
1.258 
2.940 
4 
1.258 
2.940 
4 
1.258 
2.940 
4 
1.258 
2.940 
16 
5.031 
11.761 
12 
3.339 
12.000 
12 
3.339 
12.000 
12 
3.339 
12.000 
12 
3.339 
12.000 
48 
13.356 
48.000 
Mean Square 
1044.248 
1858.445 
1044.248 
274.434 
488.409 
274.434 
371.866 
661.810 
371.866 
219.767 
391.119 
219.767 
283.565 
504.660 
283.565 
4063.082 
12921.000 
5527.604 
165.106 
525.054 
224.618 
117.856 
374.794 
160.337 
55.123 
175.297 
74.992 
123.278 
392.035 
167.713 
103.910 
373.446 
103.910 
29.260 
105.157 
29.260 
41.946 
150.751 
41.946 
38.626 
138.819 
38.626 
73.602 
264.522 
73.602 
F 
3.683 
3.683 
3.683 
.968 
.968 
.968 
1.311 
1.311 
1.311 
.775 
.775 
.775 
32.959 
32.959 
32.959 
1.339 
1.339 
1.339 
.956 
.956 
.956 
.447 
.447 
.447 
1.412 
1.412 
1.412 
.398 
.398 
.398 
.570 
.570 
.570 
.525 
.525 
.525 
Sig. 
.043 
.087 
.043 
.440 
.411 
.440 
.316 
.322 
.316 
.530 
.477 
.530 
.000 
.002 
.000 
.298 
.315 
.308 
.458 
.398 
.444 
.773 
.577 
.720 
.194 
.283 
.194 
.958 
.776 
.958 
.855 
.661 
.855 
.888 
.690 
.888 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
3633.176 
127.704 
3819.113 
5.528 
1144.977 
158.247 
1080.610 
132.536 
244.848 
684.699 
12.752 
73.707 
4225.559 
1145.848 
1414.472 
df 
4 
4 
4 
Mean Square 
3633.176 
127.704 
3819.113 
5.528 
1144.977 
158.247 
1080.610 
132.536 
244.848 
684.699 
12.752 
73.707 
1056.390 
286.462 
353.618 
F 
3.439 
.446 
10.800 
.005 
3.997 
.448 
1.023 
.463 
.692 
.648 
.045 
.208 
Sfe. 
.137 
.541 
.030 
.946 
.116 
.540 
.369 
.534 
.452 
.466 
.843 
.672 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
107689.078 
242.340 
426.589 
36.910 
2327.924 
df 
1 
1 
1 
1 
4 
Mean Square 
107689.078 
242.340 
426.589 
36.910 
581.981 
F 
185.039 
.416 
.733 
.063 
Sip. 
.000 
.554 
.440 
.814 
Noncent. 
Parameter 
185.039 
.416 
.733 
.063 
Observed 
Power(a) 
1.000 
.080 
.103 
.055 
a Computed using alpha = .05 
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Bare Rock RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * 
Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Hotelling's Trace 
Roy's Largest Root 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks1 Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.965 
.035 
.825 
.175 
.527 
.473 
1.113 
1.113 
.624 
.376 
.572 
.428 
.540 
.460 
.770 
.230 
.287 
.713 
.868 
.132 
.968 
.032 
.025 
.975 
.788 
.212 
F 
18.542(b) 
18.542(b) 
3.141(b) 
3.141(b) 
.742(b) 
.742(b) 
.742(b) 
.742(b) 
1.105(b) 
1.105(b) 
5.347(b) 
5.347(b) 
4.687(b) 
4.687(b) 
13.379(b) 
13.379(b) 
1.610(b) 
1.610(b) 
4.365(b) 
4.365(b) 
20.032(b) 
20.032(b) 
.017(b) 
.017(b) 
2.481(b) 
2.481(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.052 
.052 
.251 
.251 
.618 
.618 
.618 
.618 
.507 
.507 
.082 
.082 
.096 
.096 
.022 
.022 
.273 
.273 
.192 
.192 
.048 
.048 
.996 
.996 
.300 
.300 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.104 
1.000 
.158 
Approx. Chi-Square 
6.171 
.000 
5.019 
df 
5 
0 
5 
Sig. 
.317 
.440 
Greenhouse-
Oeisser 
.530 
1.000 
.667 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-
bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * 
Elevation 
Treatment * Time * Site 
* Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type HI Sum of 
Squares 
4362.056 
4362.056 
4362.056 
905.683 
905.683 
905.683 
487.182 
487.182 
487.182 
747.230 
747.230 
747.230 
3890.141 
3890.141 
3890.141 
134.968 
134.968 
134.968 
118.319 
118.319 
118.319 
337.740 
337.740 
337.740 
40.645 
40.645 
40.645 
100.975 
100.975 
100.975 
180.756 
180.756 
180.756 
515.260 
515.260 
515.260 
1.829 
1.829 
1.829 
359.504 
359.504 
359.504 
610.433 
610.433 
610.433 
df 
3 
1.589 
3.000 
3 
1.589 
3.000 
3 
1.589 
3.000 
3 
1.589 
3.000 
12 
6.358 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
2.001 
3.000 
3 
2.001 
3.000 
3 
2.001 
3.000 
3 
2.001 
3.000 
12 
8.006 
12.000 
Mean Square 
1454.019 
2744.363 
1454.019 
301.894 
569.806 
301.894 
162.394 
306.508 
162.394 
249.077 
470.116 
249.077 
324.178 
611.865 
324.178 
134.968 
134.968 
134.968 
118.319 
118.319 
118.319 
337.740 
337.740 
337.740 
40.645 
40.645 
40.645 
25.244 
25.244 
25.244 
60.252 
90.314 
60.252 
171.753 
257.449 
171.753 
.610 
.914 
.610 
119.835 
179.626 
119.835 
50.869 
76.250 
50.869 
F 
4.485 
4.485 
4.485 
.931 
.931 
.931 
.501 
.501 
.501 
.768 
.768 
.768 
5.347 
5.347 
5.347 
4.687 
4.687 
4.687 
13.379 
13.379 
13.379 
1.610 
1.610 
1.610 
1.184 
1.184 
1.184 
3.376 
3.376 
3.376 
.012 
.012 
.012 
2.356 
2.356 
2.356 
Sig. 
.025 
.066 
.025 
.456 
.419 
.456 
.689 
.588 
.689 
.534 
.474 
.534 
.082 
.082 
.082 
.096 
.096 
.096 
.022 
.022 
.022 
.273 
.273 
.273 
.357 
.354 
.357 
.054 
.086 
.054 
.998 
.988 
.998 
.123 
.157 
.123 
a Computed using alpha = .05 
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Tests of Witbin-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
4838.826 
2282.098 
7833.888 
45.623 
719.749 
154.863 
739.045 
3.603 
244.513 
1084.616 
445.984 
4.326 
3779.966 
1876.852 
601.167 
df 
4 
4 
4 
Mean Square 
4838.826 
2282.098 
7833.888 
45.623 
719.749 
154.863 
739.045 
3.603 
244.513 
1084.616 
445.984 
4.326 
944.991 
469.213 
150.292 
F 
5.120 
4.864 
52.125 
.048 
1.534 
1.030 
.782 
.008 
1.627 
1.148 
.950 
.029 
Sig. 
.086 
.092 
.002 
.837 
.283 
.367 
.426 
.934 
.271 
.344 
.385 
.874 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum of 
Squares 
29419.016 
315.213 
1001.521 
54.193 
1201.636 
df 
1 
1 
1 
1 
4 
Mean Square 
29419.016 
315.213 
1001.521 
54.193 
300.409 
F 
97.930 
1.049 
3.334 
.180 
Sig. 
.001 
.364 
.142 
.693 
a Computed using alpha = .05 
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Mussel RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Time 
Time * Site 
Time * Elevation 
Time* Site * 
Elevation 
Treatment * 
Time 
Treatment * 
Time * Site 
Treatment * 
Time * Elevation 
Treatment * 
Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.916 
.084 
.922 
.078 
.867 
.133 
.880 
.120 
.955 
.045 
.795 
.205 
.516 
.484 
.636 
.364 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
7.235(b) 
7.235(b) 
7.890(b) 
7.890(b) 
4.358(b) 
4.358(b) 
4.871(b) 
4.871(b) 
5.367(b) 
5.367(b) 
.969(b) 
.969(b) 
.267(b) 
.267(b) 
.436(b) 
.436(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.124 
.124 
.115 
.115 
.192 
.192 
.175 
.175 
.312 
.312 
.633 
.633 
.875 
.875 
.795 
.795 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
*Time 
Mauchly's W 
.047 
.005 
.000 
Approx. Chi-
Square 
8.301 
12.820 
df 
5 
9 
77 
Sig. 
.163 
.264 
Greenhouse-
Geisser 
.400 
.374 
.216 
Huynh-Feldt 
.905 
.997 
1.000 
Lower-bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to 
an identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table, 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Witbin-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Oreenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
5354.259 
5354.259 
5354.259 
2857.164 
2857.164 
2857.164 
1214.934 
1214.934 
1214.934 
1932.550 
1932.550 
1932.550 
4274.686 
4274.686 
4274.686 
5248.051 
5248.051 
5248.051 
193.043 
193.043 
193.043 
1214.471 
1214.471 
1214.471 
226.539 
226.539 
226.539 
3328.040 
3328.040 
3328.040 
406.031 
406.031 
406.031 
827.510 
827.510 
827.510 
583.502 
583.502 
583.502 
978.166 
978.166 
978.166 
2184.429 
2184.429 
2184.429 
df 
3 
1.200 
2.716 
3 
1.200 
2.716 
3 
1.200 
2.716 
3 
1.200 
2.716 
12 
4.802 
10.864 
4 
1.498 
3.990 
4 
1.498 
3.990 
4 
1.498 
3.990 
4 
1.498 
3.990 
16 
5.992 
15.960 
12 
2.596 
12.000 
12 
2.596 
12.000 
12 
2.596 
12.000 
12 
2.596 
12.000 
48 
10.385 
48.000 
Mean 
Square 
1784.753 
4460.201 
1971.365 
952.388 
2380.073 
1051.969 
404.978 
1012.064 
447.322 
644.183 
1609.852 
711.538 
356.224 
890.224 
393.470 
1312.013 
3503.629 
1315.340 
48.261 
128.876 
48.383 
303.618 
810.788 
304.388 
56.635 
151.239 
56.778 
208.002 
555.455 
208.530 
33.836 
156.394 
33.836 
68.959 
318.738 
68.959 
48.625 
224.752 
48.625 
81.514 
376.767 
81.514 
45.509 
210.348 
45.509 
F 
5.010 
5.010 
5.010 
2.674 
2.674 
2.674 
1.137 
1.137 
1.137 
1.808 
1.808 
1.808 
6.308 
6.308 
6.308 
.232 
.232 
.232 
1.460 
1.460 
1.460 
.272 
.272 
.272 
.744 
.744 
.744 
1.515 
1.515 
1.515 
1.068 
1.068 
1.068 
1.791 
1.791 
1.791 
Sig. 
.018 
.075 
.022 
.095 
.167 
.103 
.373 
.353 
.373 
.199 
.246 
.206 
.003 
.038 
.003 
.916 
.740 
.916 
.261 
.293 
.261 
.892 
.711 
.891 
.703 
.532 
.703 
.152 
.267 
.152 
.407 
.395 
.407 
.077 
.212 
.077 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
7958.154 
89.760 
3604.108 
4434.730 
1956.496 
4130.518 
943.894 
15.432 
324.750 
3006.867 
820.247 
2674.641 
1708.947 
2841.624 
421.795 
df 
4 
4 
4 
Mean Square 
7958.154 
89.760 
3604.108 
4434.730 
1956.496 
4130.518 
943.894 
15.432 
324.750 
3006.867 
820.247 
2674.641 
427.237 
710.406 
105.449 
F 
18.627 
.126 
34.179 
10.380 
2.754 
39.171 
2.209 
.022 
3.080 
7.038 
1.155 
25.364 
Sig. 
.012 
.740 
.004 
.032 
.172 
.003 
.211 
.890 
.154 
.057 
.343 
.007 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of Squares 
15875.978 
1205.363 
1509.125 
130.683 
2389.175 
df 
I 
1 
1 
1 
4 
Mean Square 
15875.978 
1205.363 
1509.125 
130.683 
597.294 
F 
26.580 
2.018 
2.527 
.219 
Sig. 
.007 
.228 
.187 
.664 
a Computed using alpha = .05 
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Mussel RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.862 
.138 
.894 
.106 
.967 
.033 
.893 
.107 
.563 
.437 
.323 
.677 
.063 
.937 
.384 
.616 
.488 
.512 
.080 
.920 
.271 
.729 
.550 
.450 
F 
4.176(b) 
4.176(b) 
5.639(b) 
5.639(b) 
19.575(b) 
19.575(b) 
5.562(b) 
5.562(b) 
5.162(b) 
5.162(b) 
1.905(b) 
1.905(b) 
.269(b) 
.269(b) 
2.494(b) 
2.494(b) 
.636(b) 
.636(b)J 
.058(b) 
.058(b) 
.247(b) 
.247(b) 
.815(b) 
.815(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.199 
.199 
.154 
.154 
.049 
.049 
.156 
.156 
.086 
.086 
.240 
.240 
.632 
.632 
.189 
.189 
.659 
.659 
.977 
.977 
.859 
.859 
.592 
.592 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.012 
1.000 
.314 
Approx. Chi-
Square 
12.117 
.000 
3.151 
df 
5 
0 
5 
Sig. 
.044 
.694 
Greenhouse-
Geisser 
.416 
1.000 
.580 
Huynh-Feldt 
.967 
1.000 
1.000 
Lower-bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Lower-bound 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
5077.177 
5077.177 
5077.177 
3260.712 
3260.712 
3260.712 
1299.689 
1299.689 
1299.689 
1471.620 
1471.620 
1471.620 
6342.520 
6342.520 
6342.520 
344.109 
344.109 
344.109 
127.014 
127.014 
127.014 
127.014 
17.901 
17.901 
17.901 
166.264 
166.264 
166.264 
266.654 
266.654 
266.654 
181.264 
181.264 
181.264 
21.881 
21.881 
21.881 
69.666 
69.666 
69.666 
222.082 
222.082 
222.082 
1037.537 
1037.537 
1037.537 
df 
3 
1.248 
2.900 
3 
1.248 
2.900 
3 
1.248 
2.900 
3 
1.248 
2.900 
12 
4.991 
11.601 
1 
1.000 
1.000 
1 
1.000 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.739 
3.000 
3 
1.739 
3.000 
3 
1.739 
3.000 
3 
1.739 
3.000 
12 
6.956 
12.000 
Mean Square 
1692.392 
4069.063 
1750.645 
1086.904 
2613.272 
1124.315 
433.230 
1041.625 
448.141 
490.540 
1179.418 
507.424 
528.543 
1270.791 
546.736 
344.109 
344.109 
344.109 
127.014 
127.014 
127.014 
127.014 
17.901 
17.901 
17.901 
166.264 
166.264 
166.264 
66.663 
66.663 
66.663 
60.421 
104.229 
60.421 
7.294 
12.582 
7.294 
23.222 
40.059 
23.222 
74.027 
127.700 
74.027 
86.461 
149.149 
86.461 
F 
3.202 
3.202 
3.202 
2.056 
2.056 
2.056 
.820 
.820 
.820 
.928 
.928 
.928 
5.162 
5.162 
5.162 
1.905 
1.905 
1.905 
1.905 
.269 
.269 
.269 
2.494 
2.494 
2.494 
.699 
.699 
.699 
.084 
.084 
.084 
.269 
.269 
.269 
.856 
.856 
.856 
Sig. 
.062 
.133 
.065 
.160 
.216 
.162 
.508 
.435 
.505 
.457 
.405 
.455 
.086 
.086 
.086 
.240 
.240 
.240 
.240 
.632 
.632 
.632 
.189 
.189 
.189 
.571 
.510 
.571 
.967 
.898 
.967 
.847 
.743 
.847 
.490 
.450 
.490 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level l*vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
8096.257 
944.759 
5588.577 
4497.726 
952.494 
4800.647 
1859.435 
931.791 
16.077 
2828.264 
1272.185 
989.977 
3783.595 
3541.568 
1035.336 
df 
4 
4 
4 
Mean Square 
8096.257 
944.759 
5588.577 
4497.726 
952.494 
4800.647 
1859.435 
931.791 
16.077 
2828.264 
1272.185 
989.977 
945.899 
885.392 
258.834 
F 
8.559 
1.067 
21.591 
4.755 
1.076 
18.547 
1.966 
1.052 
.062 
2.990 
1.437 
3.825 
Sig. 
.043 
.360 
.010 
.095 
.358 
.013 
.234 
.363 
.815 
.159 
.297 
.122 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum of Squares 
15206.629 
618.893 
1338.026 
68.575 
1507.303 
df 
1 
1 
1 
1 
4 
Mean Square 
15206.629 
618.893 
1338.026 
68.575 
376.826 
F 
40.355 
1.642 
3.551 
.182 
Sig. 
.003 
.269 
.133 
.692 
Noncent. 
Parameter 
40.355 
1.642 
3.551 
.182 
Observed 
Power(a) 
.995 
.169 
.305 
.063 
a Computed using alpha = .05 
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Barnacle RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.594 
.406 
.610 
.390 
.703 
.297 
.519 
.481 
.993 
.007 
.976 
.024 
.580 
.420 
.902 
.098 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
.977(b) 
.977(b) 
1.041(b) 
1.041(b) 
1.576(b) 
1.576(b) 
.721(b) 
.721(b) 
33.262(b) 
33.262(b) 
10.015(b) 
10.015(b) 
.345(b) 
.345(b) 
2.302(b) 
2.302(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.542 
.542 
.524 
.524 
.411 
.411 
.626 
.626 
.129 
.129 
.232 
.232 
.836 
.836 
.454 
.454 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.116 
.006 
.000 
Approx. Chi-
Square 
5.856 
12.469 
df 
5 
9 
77 
Sig. 
.347 
.284 
Greenhouse-
Geisser 
.447 
.347 
.251 
Huynh-Feldt 
1.000 
.872 
1.000 
Lower-
bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
106.131 
106.131 
106.131 
90.187 
90.187 
90.187 
87.570 
87.570 
87.570 
42.453 
42.453 
42.453 
461.959 
461.959 
461.959 
1279.319 
1279.319 
1279.319 
228.058 
228.058 
228.058 
14.178 
14.178 
14.178 
73.631 
73.631 
73.631 
300.364 
300.364 
300.364 
119.391 
119.391 
119.391 
61.947 
61.947 
61.947 
105.128 
105.128 
105.128 
95.528 
95.528 
95.528 
419.283 
419.283 
419.283 
df 
3 
1.341 
3.000 
3 
1.341 
3.000 
3 
1.341 
3.000 
3 
1.341 
3.000 
12 
5.364 
12.000 
4 
1.388 
3.486 
4 
1.388 
3.486 
4 
1.388 
3.486 
4 
1.388 
3.486 
16 
5.553 
13.945 
12 
3.011 
12.000 
12 
3.011 
12.000 
12 
3.011 
12.000 
12 
3.011 
12.000 
48 
12.045 
48.000 
Mean Square 
35.377 
79.138 
35.377 
30.062 
67.249 
30.062 
29.190 
65.298 
29.190 
14.151 
31.655 
14.151 
38.497 
86.116 
38.497 
319.830 
921.571 
366.956 
57.015 
164.284 
65.415 
3.545 
10.214 
4.067 
18.408 
53.041 
21.120 
18.773 
54.093 
21.539 
9.949 
39.649 
9.949 
5.162 
20.572 
5.162 
8.761 
34.912 
8.761 
7.961 
31.724 
7.961 
8.735 
34.810 
8.735 
F 
.919 
.919 
.919 
.781 
.781 
.781 
.758 
.758 
.758 
.368 
.368 
.368 
17.037 
17.037 
17.037 
3.037 
3.037 
3.037 
.189 
.189 
.189 
.981 
.981 
.981 
1.139 
1.139 
1.139 
.591 
.591 
.591 
1.003 
1.003 
1.003 
.911 
.911 
.911 
Sig. 
.461 
.412 
.461 
.527 
.454 
.527 
.539 
.461 
.539 
.778 
.630 
.778 
.000 
.006 
.000 
.049 
.134 
.059 
.941 
.757 
.924 
.446 
.397 
.440 
.353 
.373 
.353 
.839 
.633 
.839 
.461 
.425 
.461 
.543 
.465 
.543 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
.451 
132.329 
59.089 
131.276 
70.979 
2.256 
164.716 
49.531 
84.537 
34.963 
4.995 
9.084 
184.118 
754.933 
122.729 
df 
4 
4 
4 
Mean Square 
.451 
132.329 
59.089 
131.276 
70.979 
2.256 
164.716 
49.531 
84.537 
34.963 
4.995 
9.084 
46.029 
188.733 
30.682 
F 
.010 
.701 
1.926 
2.852 
.376 
.074 
3.578 
.262 
2.755 
.760 
.026 
.296 
Sig. 
.926 
.450 
.238 
.167 
.573 
.800 
.131 
.635 
.172 
.433 
.879 
.615 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
1275.326 
191.730 
10.887 
4.159 
138.475 
df 
1 
1 
1 
1 
4 
Mean Square 
1275.326 
191.730 
10.887 
4.159 
34.619 
F 
36.839 
5.538 
.314 
.120 
Sig. 
.004 
.078 
.605 
.746 
a Computed using alpha = .05 
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Barnacle RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * 
Elevation 
Treatment * 
Time 
Treatment * 
Time * Site 
Treatment * 
Time * Elevation 
Treatment * 
Time* Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.725 
.275 
.658 
.342 
.962 
.038 
.699 
.301 
.043 
.957 
.111 
.889 
.618 
.382 
.372 
.628 
.417 
.583 
.173 
.827 
.557 
.443 
.537 
.463 
F 
1.755(b) 
1.755(b) 
1.280(b) 
1.280(b) 
16.993(b) 
16.993(b) 
1.551(b) 
1.551(b) 
.180(b) 
.180(b) 
.501(b) 
.501(b) 
6.467(b) 
6.467(b) 
2.372(b) 
2.372(b) 
.477(b) 
.477(b) 
.140(b) 
.140(b) 
.838(b) 
.838(b) 
.773(b) 
.773(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.383 
.383 
.467 
.467 
.056 
.056 
.415 
.415 
.693 
.693 
.518 
.518 
.064 
.064 
.198 
.198 
.730 
.730 
.928 
.928 
.584 
.584 
.607 
.607 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.047 
1.000 
.468 
Approx. Chi-
Square 
8.301 
.000 
2.067 
df 
5 
0 
5 
Sig. 
.163 
.849 
Greenhouse-Geisser 
.507 
1.000 
.764 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-
bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
181.804 
181.804 
181.804 
79.935 
79.935 
79.935 
119.955 
119.955 
119.955 
28.372 
28.372 
28.372 
201.749 
201.749 
201.749 
5.385 
5.385 
5.385 
14.960 
14.960 
14.960 
193.184 
193.184 
193.184 
70.856 
70.856 
70.856 
119.482 
119.482 
119.482 
18.597 
18.597 
18.597 
7.751 
7.751 
7.751 
18.775 
18.775 
18.775 
36.411 
36.411 
36.411 
97.943 
97.943 
97.943 
df 
3 
1.522 
3.000 
3 
1.522 
3.000 
3 
1.522 
3.000 
3 
1.522 
3.000 
12 
6.087 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
2.292 
3.000 
3 
2.292 
3.000 
3 
2.292 
3.000 
3 
2.292 
3.000 
12 
9.168 
12.000 
Mean Square 
60.601 
119.464 
60.601 
26.645 
52.526 
26.645 
39.985 
78.823 
39.985 
9.457 
18.643 
9.457 
16.812 
33.143 
16.812 
5.385 
5.385 
5.385 
14.960 
14.960 
14.960 
193.184 
193.184 
193.184 
70.856 
70.856 
70.856 
29.871 
29.871 
29.871 
6.199 
8.114 
6.199 
2.584 
3.382 
2.584 
6.258 
8.191 
6.258 
12.137 
15.886 
12.137 
8.162 
10.683 
8.162 
F 
3.605 
3.605 
3.605 
1.585 
1.585 
1.585 
2.378 
2.378 
2.378 
.563 
.563 
.563 
.180 
.180 
.180 
.501 
.501 
.501 
6.467 
6.467 
6.467 
2.372 
2.372 
2.372 
.760 
.760 
.760 
.317 
.317 
.317 
.767 
.767 
.767 
1.487 
1.487 
1.487 
Sig. 
.046 
.099 
.046 
.245 
.271 
.245 
.121 
.174 
.121 
.650 
.552 
.650 
.693 
.693 
.693 
.518 
.518 
.518 
.064 
.064 
.064 
.198 
.198 
.198 
.538 
.512 
.538 
.813 
.763 
.813 
.534 
.509 
.534 
.268 
.278 
.268 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
177.507 
23.679 
.145 
8.014 
113.578 
.287 
235.678 
54.198 
85.093 
46.937 
.513 
5.801 
202.209 
61.501 
7.953 
df 
4 
4 
4 
Mean Square 
177.507 
23.679 
.145 
8.014 
113.578 
.287 
235.678 
54.198 
85.093 
46.937 
.513 
5.801 
50.552 
15.375 
1.988 
F 
3.511 
1.540 
.073 
.159 
7.387 
.144 
4.662 
3.525 
42.796 
.928 
.033 
2.918 
SIR. 
.134 
.282 
.801 
.711 
.053 
.723 
.097 
.134 
.003 
.390 
.864 
.163 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
961.623 
133.134 
22.486 
68.682 
346.964 
df 
1 
1 
1 
1 
4 
Mean Square 
961.623 
133.134 
22.486 
68.682 
86.741 
F 
11.086 
1.535 
.259 
.792 
Sig. 
.029 
.283 
.637 
.424 
a Computed using alpha = .05 
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Chlorostoma RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.983 
.017 
.812 
.188 
.609 
.391 
.595 
.405 
.964 
.036 
.980 
.020 
.956 
.044 
.775 
.225 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
38.694(b) 
38.694(b) 
2.882(b) 
2.882(b) 
1.038(b) 
1.038(b) 
.978(b) 
.978(b) 
6.703(b) 
6.703(b) 
12.496(b) 
12.496(b) 
5.387(b) 
5.387(b) 
.862(b) 
.862(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
sis. 
.025 
.025 
.268 
.268 
.525 
.525 
.541 
.541 
.281 
.281 
.209 
.209 
.311 
.311 
.658 
.658 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's 
W 
.015 
.004 
.000 
Approx. Chi-
Square 
11.363 
13.635 
df 
5 
9 
77 
Sig. 
.057 
.220 
Greenhouse-
Geisser 
.386 
.412 
.254 
Huynh-Feldt 
.851 
1.000 
1.000 
Lower-bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Witbin-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
4.656 
4.656 
4.656 
.201 
.201 
.201 
.181 
.181 
.181 
.302 
.302 
.302 
3.577 
3.577 
3.577 
2.847 
2.847 
2.847 
.444 
.444 
.444 
1.277 
1.277 
1.277 
.433 
.433 
.433 
3.265 
3.265 
3.265 
2.669 
2.669 
2.669 
2.765 
2.765 
2.765 
1.081 
1.081 
1.081 
1.560 
1.560 
1.560 
6.687 
6.687 
6.687 
df 
3 
1.157 
2.552 
3 
1.157 
2.552 
3 
1.157 
2.552 
3 
1.157 
2.552 
12 
4.627 
10.207 
4 
1.647 
4.000 
4 
1.647 
4.000 
4 
1.647 
4.000 
4 
1.647 
4.000 
16 
6.587 
16.000 
12 
3.048 
12.000 
12 
3.048 
12.000 
12 
3.048 
12.000 
12 
3.048 
12.000 
48 
12.193 
48.000 
Mean Square 
1.552 
4.025 
1.825 
.067 
.173 
.079 
.060 
.157 
.071 
.101 
.261 
.118 
.298 
.773 
.350 
.712 
1.729 
.712 
111 
.269 
.111 
.319 
.775 
.319 
.108 
.263 
.108 
.204 
.496 
.204 
.222 
.876 
.222 
.230 
.907 
.230 
.090 
.355 
.090 
.130 
.512 
.130 
.139 
.548 
.139 
F 
5.206 
5.206 
5.206 
.224 
.224 
.224 
.203 
.203 
.203 
.338 
.338 
.338 
3.487 
3.487 
3.487 
.543 
.543 
.543 
1.564 
1.564 
1.564 
.531 
.531 
.531 
1.597 
1.597 
1.597 
1.654 
1.654 
1.654 
.647 
.647 
.647 
.933 
.933 
.933 
Sig. 
.016 
.074 
.023 
.878 
.691 
.850 
.893 
.707 
.866 
.798 
.619 
.769 
.031 
.097 
.031 
.706 
.572 
.706 
.232 
.273 
.232 
.715 
.579 
.715 
.125 
.241 
.125 
.108 
.228 
.108 
.791 
.602 
.791 
.523 
.456 
.523 
a Computed using alpha = .05 
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Tests of VVithin-Subjccts Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
5.602 
7.096 
5.768 
.036 
.184 
.005 
.007 
.027 
.175 
.006 
.010 
.325 
3.432 
.790 
5.756 
df 
4 
4 
4 
Mean Square 
5.602 
7.096 
5.768 
.036 
.184 
.005 
.007 
.027 
.175 
.006 
.010 
.325 
.858 
.197 
1.439 
F 
6.530 
35.938 
4.008 
.042 
.930 
.003 
.008 
.138 
.122 
.007 
.051 
.226 
Sig. 
.063 
.004 
.116 
.848 
.389 
.957 
.932 
.729 
.745 
.938 
.833 
.659 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum of 
Squares 
7.893 
.154 
.005 
.102 
1.080 
df 
1 
1 
1 
1 
4 
Mean Square 
7.893 
.154 
.005 
.102 
.270 
F 
29.225 
.572 
.020 
.378 
Sig. 
.006 
.492 
.895 
.572 
a Computed using alpha = .05 
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Chlorostoma RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * 
Elevation 
Treatment * 
Time 
Treatment * 
Time * Site 
Treatment * 
Time * Elevation 
Treatment * 
Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.960 
.040 
.845 
.155 
.485 
.515 
.784 
.216 
.924 
.076 
.413 
.587 
.404 
.596 
.622 
.378 
.672 
.328 
.140 
.860 
.760 
.240 
.520 
.480 
F 
15.899(b) 
15.899(b) 
3.639(b) 
3.639(b) 
628(b) 
.628(b) 
2.416(b) 
2.416(b) 
48.663(b) 
48.663(b) 
2.815(b) 
2.815(b) 
2.706(b) 
2.706(b) 
6.587(b) 
6.587(b) 
1.368(b) 
1.368(b) 
.108(b) 
.108(b) 
2.106(b) 
2.106(b) 
.724(b) 
.724(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.060 
.060 
.223 
.223 
.662 
.662 
.306 
.306 
.002 
.002 
.169 
.169 
.175 
.175 
.062 
.062 
.449 
.449 
.948 
.948 
.338 
.338 
.624 
.624 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.344 
1.000 
.211 
Approx. Chi-
Square 
2.907 
.000 
4.241 
df 
5 
0 
5 
Sig. 
.730 
.539 
Greenhouse-
Geisser 
.647 
1.000 
.614 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * 
Elevation 
Treatment * Time * Site 
* Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Oreenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
3.775 
3.775 
3.775 
.711 
.711 
.711 
.268 
.268 
.268 
.497 
.497 
.497 
1.023 
1.023 
1.023 
3.411 
3.411 
3.411 
.197 
.197 
.197 
.190 
.190 
.190 
.462 
.462 
.462 
.280 
.280 
.280 
.791 
.791 
.791 
.078 
.078 
.078 
.270 
.270 
.270 
.477 
.477 
.477 
1.667 
1.667 
1.667 
df 
3 
1.941 
3.000 
3 
1.941 
3.000 
3 
1.941 
3.000 
3 
1.941 
3.000 
12 
7.765 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.842 
3.000 
3 
1.842 
3.000 
3 
1.842 
3.000 
3 
1.842 
3.000 
12 
7.370 
12.000 
Mean Square 
1.258 
1.944 
1.258 
.237 
.366 
.237 
.089 
.138 
.089 
.166 
.256 
.166 
.085 
.132 
.085 
3.411 
3.411 
3.411 
.197 
.197 
.197 
.190 
.190 
.190 
.462 
.462 
.462 
.070 
.070 
.070 
.264 
.430 
.264 
.026 
.042 
.026 
.090 
.146 
.090 
.159 
.259 
.159 
.139 
.226 
.139 
F 
14.753 
14.753 
14.753 
2.779 
2.779 
2.779 
1.048 
1.048 
1.048 
1.943 
1.943 
1.943 
48.663 
48.663 
48.663 
2.815 
2.815 
2.815 
2.706 
2.706 
2.706 
6.587 
6.587 
6.587 
1.899 
1.899 
1.899 
.187 
.187 
.187 
.647 
.647 
.647 
1.144 
1.144 
1.144 
Sig. 
.000 
.002 
.000 
.087 
.124 
.087 
.407 
.393 
.407 
.177 
.207 
.177 
.002 
.002 
.002 
.169 
.169 
.169 
.175 
.175 
.175 
.062 
.062 
.062 
.184 
.216 
.184 
.903 
.817 
.903 
.600 
.539 
.600 
.371 
.364 
.371 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
L Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
4.259 
4.687 
5.931 
.371 
1.057 
1.063 
.097 
.033 
.156 
.682 
.660 
.646 j 
.704 
.215 
1.236 
df 
4 
4 
4 
Mean Square 
4.259 
4.687 
5.931 
.371 
1.057 
1.063 
.097 
.033 
.156 
.682 
.660 
.646 
.176 
.054 
.309 
F 
24.193 
87.097 
19.190 
2.108 
19.642 
3.439 
.549 
.618 
.505 
3.872 
12.272 
2.090 
Sig. 
.008 
.001 
.012 
.220 
.011 
.137 
.500 
.476 
.517 
.120 
.025 
.222 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of Squares 
6.184 
.003 
.143 
.157 
.133 
df 
1 
1 
I 
1 
4 
Mean Square 
6.184 
.003 
.143 
.157 
.033 
F 
185.386 
.097 
4.292 
4.716 
Sig. 
.000 
.771 
.107 
.096 
a Computed using alpha = .05 
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Lottia RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.973 
.027 
.716 
.284 
.901 
.099 
.209 
.791 
.878 
.122 
.627 
.373 
.788 
.212 
.781 
.219 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
23.657(b) 
23.657(b) 
1.684(b) 
1.684(b) 
6.095(b) 
6.095(b) 
.176(b) 
.176(b) 
1.807(b) 
1.807(b) 
.420(b) 
.420(b) 
.929(b) 
.929(b) 
.894(b) 
.894(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.041 
.041 
.394 
.394 
.144 
.144 
.905 
.905 
.502 
.502 
.802 
.802 
.642 
.642 
.650 
.650 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericiry(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
*Time 
Mauchly's W 
.064 
.084 
.000 
Approx. Chi-Square 
7.472 
5.998 
df 
5 
9 
77 
Sig. 
.213 
.806 
Oreenhouse-
Geisser 
.638 
.463 
.245 
Huynh-
Feldt 
1.000 
1.000 
1.000 
Lower-bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
1.103 
1.103 
1.103 
.097 
.097 
.097 
1.055 
1.055 
1.055 
.114 
.114 
.114 
1.997 
1.997 
1.997 
1.857 
1.857 
1.857 
.393 
.393 
.393 
.525 
.525 
.525 
.480 
.480 
.480 
1.603 
1.603 
1.603 
.473 
.473 
.473 
.422 
.422 
.422 
1.598 
1.598 
1.598 
1.235 
1.235 
1.235 
3.357 
3.357 
3.357 
df 
3 
1.915 
3.000 
3 
1.915 
3.000 
3 
1.915 
3.000 
3 
1.915 
3.000 
12 
7.660 
12.000 
4 
1.853 
4.000 
4 
1.853 
4.000 
4 
1.853 
4.000 
4 
1.853 
4.000 
16 
7.412 
16.000 
12 
2.945 
12.000 
12 
2.945 
12.000 
12 
2.945 
12.000 
12 
2.945 
12.000 
48 
11.782 
48.000 
Mean Square 
.368 
.576 
.368 
.032 
.051 
.032 
.352 
.551 
.352 
.038 
.059 
.038 
.166 
.261 
.166 
.464 
1.002 
.464 
.098 
.212 
.098 
.131 
.283 
.131 
.120 
.259 
.120 
.100 
.216 
.100 
.039 
.161 
.039 
.035 
.143 
.035 
.133 
.543 
.133 
.103 
.419 
.103 
.070 
.285 
.070 
F 
2.210 
2.210 
2.210 
.195 
.195 
.195 
2.113 
2.113 
2.113 
.227 
.227 
.227 
4.636 
4.636 
4.636 
.981 
.981 
.981 
1.311 
1.311 
1.311 
1.197 
1.197 
1.197 
.564 
.564 
.564 
.503 
.503 
.503 
1.905 
1.905 
1.905 
1.471 
1.471 
1.471 
Sig. 
.140 
.175 
.140 
.898 
.818 
.898 
.152 
.186 
.152 
.876 
.793 
.876 
.011 
.051 
.011 
.446 
.412 
.446 
.308 
.322 
.308 
.350 
.350 
.350 
.860 
.647 
.860 
.902 
.684 
.902 
.058 
.184 
.058 
.168 
.273 
.168 
a Computed using alpha = .05 
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Tests of Within-Subjccts Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III 
Sum of 
Squares 
.600 
.488 
.031 
.020 
.016 
.078 
.056 
.819 
.275 
.200 
.020 
.094 
2.342 
.737 
1.744 
df 
4 
4 
4 
Mean Square 
.600 
.488 
.031 
.020 
.016 
.078 
.056 
.819 
.275 
.200 
.020 
.094 
.586 
.184 
.436 
F 
1.025 
2.647 
.071 
.035 
.088 
.180 
.095 
4.444 
.631 
.341 
.107 
.215 
Sig. 
.369 
.179 
.803 
.861 
.782 
.693 
.773 
.103 
.471 
.591 
.760 
.667 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum of 
Squares 
2.356 
.015 
.319 
.053 
.163 
df 
1 
1 
1 
1 
4 
Mean Square 
2.356 
.015 
.319 
.053 
.041 
F 
57.792 
.360 
7.831 
1.289 
Sig. 
.002 
.581 
.049 
.320 
a Computed using alpha = .05 
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Lottia RMANOVA For Recovery Period 
Multivariate I ests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks1 Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.384 
.616 
.705 
.295 
.886 
.114 
.458 
.542 
.896 
.104 
.002 
.998 
.162 
.838 
.577 
.423 
.974 
.026 
.991 
.009 
.893 
.107 
.795 
.205 
F 
.415(b) 
.415(b) 
1.594(b) 
1.594(b) 
5.194(b) 
5.194(b) 
.564(b) 
.564(b) 
34.389(b) 
34.389(b) 
.009(b) 
.009(b) 
.772(b) 
.772(b) 
5.451(b) 
5.451(b) 
25.307(b) 
25.307(b) 
71.776(b) 
71.776(b) 
5.573(b) 
5.573(b) 
2.588(b) 
2.588(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.763 
.763 
.408 
.408 
.166 
.166 
.690 
.690 
.004 
.004 
.928 
.928 
.429 
.429 
.080 
.080 
.038 
.038 
.014 
.014 
.156 
.156 
.291 
.291 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.351 
1.000 
.010 
Approx. Chi-Square 
2.851 
.000 
12.578 
df 
5 
0 
5 
Sig. 
.738 
.037 
Oreenhouse-
Geisser 
.676 
1.000 
.640 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Ihtercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
.411 
.411 
.411 
.360 
.360 
.360 
.733 
.733 
.733 
.234 
.234 
.234 
1.331 
1.331 
1.331 
4.886 
4.886 
4.886 
.001 
.001 
.001 
.110 
.110 
.110 
.774 
.774 
.774 
.568 
.568 
.568 
.075 
.075 
.075 
.221 
.221 
.221 
.048 
.048 
.048 
.494 
.494 
.494 
1.174 
1.174 
1.174 
df 
3 
2.027 
3.000 
3 
2.027 
3.000 
3 
2.027 
3.000 
3 
2.027 
3.000 
12 
8.109 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.920 
3.000 
3 
1.920 
3.000 
3 
1.920 
3.000 
3 
1.920 
3.000 
12 
7.681 
12.000 
Mean Square 
.137 
.203 
.137 
.120 
.178 
.120 
.244 
.362 
.244 
.078 
.116 
.078 
111 
.164 
111 
4.886 
4.886 
4.886 
.001 
.001 
.001 
.110 
.110 
.110 
.774 
.774 
.774 
.142 
.142 
.142 
.025 
.039 
.025 
.074 
.115 
.074 
.016 
.025 
.016 
.165 
.257 
.165 
.098 
.153 
.098 
F 
1.236 
1.236 
1.236 
1.082 
1.082 
1.082 
2.204 
2.204 
2.204 
.705 
.705 
.705 
34.389 
34.389 
34.389 
.009 
.009 
.009 
.772 
.772 
.772 
5.451 
5.451 
5.451 
.256 
.256 
.256 
.753 
.753 
.753 
.165 
.165 
.165 
1.683 
1.683 
1.683 
Sig. 
.340 
.341 
.340 
.394 
.384 
.394 
.140 
.172 
.140 
.567 
.524 
.567 
.004 
.004 
.004 
.928 
.928 
.928 
.429 
.429 
.429 
.080 
.080 
.080 
.856 
.772 
.856 
.542 
.498 
.542 
.918 
.843 
.918 
.223 
.247 
.223 
a Computed using alpha = .05 
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Tests of Witbln-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
.428 
.042 
.065 
4.81E-006 
.348 
.374 
.402 
1.038 
1.150 
.440 
.073 
.034 
.999 
.368 
.348 
df 
4 
4 
4 
Mean Square 
.428 
.042 
.065 
4.81E-006 
.348 
.374 
.402 
1.038 
1.150 
.440 
.073 
.034 
.250 
.092 
.087 
F 
1.716 
.455 
.751 
.000 
3.788 
4.300 
1.612 
11.28 
8 
13.22 
8 
1.762 
.791 
.393 
Sis. 
.260 
.537 
.435 
.997 
.123 
.107 
.273 
.028 
.022 
.255 
.424 
.565 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
3.806 
.041 
.025 
.001 
.301 
df 
1 
1 
1 
1 
4 
Mean 
Square 
3.806 
.041 
.025 
.001 
.075 
F 
50.497 
.538 
.337 
.012 
Sig. 
.002 
.504 
.593 
.920 
Noncent. 
Parameter 
50.497 
.538 
.337 
.012 
Observed 
Power(a) 
.999 
.089 
.074 
.051 
a Computed using alpha = .05 
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Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.987 
.013 
.933 
.067 
.909 
.091 
.783 
.217 
.991 
.009 
.972 
.028 
.946 
.054 
.304 
.696 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
.(c) 
•(c) 
F 
50.602(b) 
50.602(b) 
9.305(b) 
9.305(b) 
6.664(b) 
6.664(b) 
2.399(b) 
2.399(b) 
27.148(b) 
27.148(b) 
8.647(b) 
8.647(b) 
4.343(b) 
4.343(b) 
.109(b) 
.109(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.019 
.019 
.099 
.099 
.133 
.133 
.308 
.308 
.143 
.143 
.249 
.249 
.344 
.344 
.961 
.961 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.016 
.004 
.000 
Approx. Chi-
Square 
11.244 
13.422 
df 
5 
9 
77 
Sig. 
.060 
.231 
Greenhouse-
Geisser 
.426 
.351 
.266 
Huynh-Feldt 
1.000 
.888 
1.000 
Lower-
bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
1844.923 
1844.923 
1844.923 
1012.278 
1012.278 
1012.278 
1254.726 
1254.726 
1254.726 
694.769 
694.769 
694.769 
3801.829 
3801.829 
3801.829 
2146.718 
2146.718 
2146.718 
537.961 
537.961 
537.961 
95.903 
95.903 
95.903 
12.122 
12.122 
12.122 
1101.335 
1101.335 
1101.335 
1023.362 
1023.362 
1023.362 
388.994 
388.994 
388.994 
587.990 
587.990 
587.990 
335.847 
335.847 
335.847 
1879.250 
1879.250 
1879.250 
df 
3 
1.277 
3.000 
3 
1.277 
3.000 
3 
1.277 
3.000 
3 
1.277 
3.000 
12 
5.108 
12.000 
4 
1.403 
3.551 
4 
1.403 
3.551 
4 
1.403 
3.551 
4 
1.403 
3.551 
16 
5.612 
14.206 
12 
3.197 
12.000 
12 
3.197 
12.000 
12 
3.197 
12.000 
12 
3.197 
12.000 
48 
12.789 
48.000 
Mean Square 
614.974 
1444.722 
614.974 
337.426 
792.695 
337.426 
418.242 
982.551 
418.242 
231.590 
544.060 
231.590 
316.819 
744.284 
316.819 
536.679 
1530.171 
604.460 
134.490 
383.456 
151.476 
23.976 
68.359 
27.004 
3.031 
8.641 
3.413 
68.833 
196.257 
77.527 
85.280 
320.073 
85.280 
32.416 
121.664 
32.416 
48.999 
183.903 
48.999 
27.987 
105.042 
27.987 
39.151 
146.941 
39.151 
F 
1.941 
1.941 
1.941 
1.065 
1.065 
1.065 
1.320 
1.320 
1.320 
.731 
.731 
.731 
7.797 
7.797 
7.797 
1.954 
1.954 
1.954 
.348 
.348 
.348 
.044 
.044 
.044 
2.178 
2.178 
2.178 
.828 
.828 
.828 
1.252 
1.252 
1.252 
.715 
.715 
.715 
Sig. 
.177 
.228 
.177 
.400 
.372 
.400 
.313 
.318 
.313 
.553 
.465 
.553 
.001 
.029 
.002 
.150 
.223 
.161 
.841 
.649 
.821 
.996 
.909 
.993 
.028 
.138 
.028 
.622 
.509 
.622 
.278 
.334 
.278 
.730 
.569 
.730 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
3412.887 
418.817 
240.063 
1569.383 
1249.386 
1184.166 
364.575 
171.887 
1102.037 
1.308 
71.961 
1069.429 
350.555 
2788.663 
1891.863 
df 
4 
4 
4 
Mean Square 
3412.887 
418.817 
240.063 
1569.383 
1249.386 
1184.166 
364.575 
171.887 
1102.037 
1.308 
71.961 
1069.429 
87.639 
697.166 
472.966 
F 
38.943 
.601 
.508 
17.907 
1.792 
2.504 
4.160 
.247 
2.330 
.015 
.103 
2.261 
Sig. 
.003 
.482 
.516 
.013 
.252 
.189 
.111 
.646 
.202 
.909 
.764 
.207 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
11361.328 
72.579 
.173 
110.252 
3773.700 
df 
1 
1 
1 
1 
4 
Mean Square 
11361.328 
72.579 
.173 
110.252 
943.425 
F 
12.043 
.077 
.000 
.117 
Sig. 
.026 
.795 
.990 
.750 
a Computed using alpha = .05 
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Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.928 
.072 
.915 
.085 
.399 
.601 
.292 
.708 
.725 
.275 
.048 
.952 
.344 
.656 
.419 
.581 
.643 
.357 
.541 
.459 
.687 
.313 
.090 
.910 
F 
8.626(b) 
8.626(b) 
7.149(b) 
7.149(b) 
.443(b) 
.443(b) 
.275(b) 
.275(b) 
10.523(b) 
10.523(b) 
.201(b) 
.201(b) 
2.101(b) 
2.101(b) 
2.885(b) 
2.885(b) 
1.198(b) 
1.198(b) 
.787(b) 
.787(b) 
1.466(b) 
1.466(b) 
.066(b) 
.066(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.106 
.106 
.125 
.125 
.748 
.748 
.842 
.842 
.032 
.032 
.677 
.677 
.221 
.221 
.165 
.165 
.485 
.485 
.602 
.602 
.430 
.430 
.973 
.973 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.075 
1.000 
.301 
Approx. Chi-
Square 
7.062 
.000 
3.272 
Df 
5 
0 
5 
Sig. 
.242 
.676 
Greenhouse-
Geisser 
.435 
1.000 
.657 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Lower-bound 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
1933.102 
1933.102 
1933.102 
773.040 
773.040 
773.040 
780.665 
780.665 
780.665 
241.275 
241.275 
241.275 
1634.943 
1634.943 
1634.943 
737.037 
737.037 
737.037 
14.076 
14.076 
14.076 
147.141 
147.141 
147.141 
147.141 
202.082 
202.082 
202.082 
280.160 
280.160 
280.160 
279.291 
279.291 
279.291 
306.345 
306.345 
306.345 
97.318 
97.318 
97.318 
23.866 
23.866 
23.866 
531.777 
531.777 
531.777 
df 
3 
1.305 
3.000 
3 
1.305 
3.000 
3 
1.305 
3.000 
3 
1.305 
3.000 
12 
5.221 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.970 
3.000 
3 
1.970 
3.000 
3 
1.970 
3.000 
3 
1.970 
3.000 
12 
7.879 
12.000 
Mean Square 
644.367 
1480.932 
644.367 
257.680 
592.219 
257.680 
260.222 
598.060 
260.222 
80.425 
184.838 
80.425 
136.245 
313.129 
136.245 
737.037 
737.037 
737.037 
14.076 
14.076 
14.076 
147.141 
147.141 
147.141 
147.141 
202.082 
202.082 
202.082 
70.040 
70.040 
70.040 
93.097 
141.792 
93.097 
102.115 
155.526 
102.115 
32.439 
49.407 
32.439 
7.955 
12.116 
7.955 
44.315 
67.494 
44.315 
F 
4.729 
4.729 
4.729 
1.891 
1.891 
1.891 
1.910 
1.910 
1.910 
.590 
.590 
.590 
10.523 
10.523 
10.523 
.201 
.201 
.201 
2.101 
2.101 
2.101 
2.101 
2.885 
2.885 
2.885 
2.101 
2.101 
2.101 
2.304 
2.304 
2.304 
.732 
.732 
.732 
.180 
.180 
.180 
SiS-
.021 
.075 
.021 
.185 
.233 
.185 
.182 
.231 
.182 
.633 
.520 
.633 
.032 
.032 
.032 
.677 
.677 
.677 
.221 
.221 
.221 
.221 
.165 
.165 
.165 
.154 
.186 
.154 
.129 
.163 
.129 
.553 
.509 
.553 
.908 
.836 
.908 
a Computed using alpha = .05 
171 
Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
3050.640 
11.845 
214.200 
1195.100 
1004.948 
847.336 
206.483 
842.118 
55.258 
40.437 
161.811 
68.276 
403.100 
1660.384 
204.345 
df 
4 
4 
4 
Mean Square 
3050.640 
11.845 
214.200 
1195.100 
1004.948 
847.336 
206.483 
842.118 
55.258 
40.437 
161.811 
68.276 
100.775 
415.096 
51.086 
F 
30.272 
.029 
4.193 
11.859 
2.421 
16.586 
2.049 
2.029 
1.082 
.401 
.390 
1.336 
Sig. 
.005 
.874 
.110 
.026 
.195 
.015 
.226 
.227 
.357 
.561 
.566 
.312 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
3711.950 
3.103 
3.455 
.499 
998.997 
df 
1 
1 
1 
1 
4 
Mean Square 
3711.950 
3.103 
3.455 
.499 
249.749 
F 
14.863 
.012 
.014 
.002 
Sig. 
.018 
.917 
.912 
.966 
a Computed using alpha = .05 
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Coralline Algae RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks" Lambda 
Value 
.872 
.128 
.841 
.159 
.833 
.167 
.881 
.119 
1.000 
.000 
.999 
.001 
1.000 
.000 
.997 
.003 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
4.562(b) 
4.562(b) 
3.516(b) 
3.516(b) 
3.320(b) 
3.320(b) 
4.939(b) 
4.939(b) 
1633.045(b) 
1633.045(b) 
454.447(b) 
454.447(b) 
2261.606(b) 
2261.606(b) 
201.054(b) 
201.054(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.185 
.185 
.229 
.229 
.240 
.240 
.173 
.173 
.001 
.001 
.002 
.002 
.000 
.000 
.005 
.005 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.003 
.000 
.000 
Approx. Chi-Square 
16.227 
df 
5 
9 
77 
Sig. 
.010 
Greenhouse-
Geisser 
.366 
.259 
.103 
Huynh-Feldt 
.779 
.529 
.238 
Lower-bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
42.210 
42.210 
42.210 
26.317 
26.317 
26.317 
44.166 
44.166 
44.166 
28.896 
28.896 
28.896 
58.925 
58.925 
58.925 
7.399 
7.399 
7.399 
.868 
.868 
.868 
7.453 
7.453 
7.453 
.625 
.625 
.625 
8.123 
8.123 
8.123 
7.445 
7.445 
7.445 
2.523 
2.523 
2.523 
7.748 
7.748 
7.748 
2.408 
2.408 
2.408 
22.921 
22.921 
22.921 
df 
3 
1.098 
2.338 
3 
1.098 
2.338 
3 
1.098 
2.338 
3 
1.098 
2.338 
12 
4.393 
9.353 
4 
1.035 
2.117 
4 
1.035 
2.117 
4 
1.035 
2.117 
4 
1.035 
2.117 
16 
4.139 
8.467 
12 
1.235 
2.850 
12 
1.235 
2.850 
12 
1.235 
2.850 
12 
1.235 
2.850 
48 
4.940 
11.40 
1 
Mean Square 
14.070 
38.437 
18.052 
8.772 
23.964 
11.255 
14.722 
40.218 
18.888 
9.632 
26.313 
12.358 
4.910 
13.414 
6.300 
1.850 
7.151 
3.495 
.217 
.839 
.410 
1.863 
7.204 
3.521 
.156 
.604 
.295 
.508 
1.963 
.959 
.620 
6.028 
2.612 
.210 
2.043 
.885 
.646 
6.273 
2.718 
.201 
1.950 
.845 
.478 
4.640 
2.010 
F 
2.865 
2.865 
2.865 
1.786 
1.786 
1.786 
2.998 
2.998 
2.998 
1.962 
1.962 
1.962 
3.643 
3.643 
3.643 
.427 
.427 
.427 
3.670 
3.670 
3.670 
.308 
.308 
.308 
1.299 
1.299 
1.299 
.440 
.440 
.440 
1.352 
1.352 
1.352 
.420 
.420 
.420 
Sig. 
.081 
.160 
.102 
.203 
.250 
.220 
.073 
.152 
.094 
.174 
.231 
.192 
.027 
.126 
.071 
.787 
.555 
.676 
.026 
.125 
.069 
.869 
.615 
.754 
.250 
.322 
.321 
.938 
.578 
.720 
.222 
.312 
.305 
.948 
.587 
.733 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
45.465 
49.186 
69.741 
40.426 
36.471 
25.641 
49.796 
54.401 
69.741 
44.516 
40.979 
25.641 
75.473 
70.837 
80.563 
df 
4 
4 
4 
Mean Square 
45.465 
49.186 
69.741 
40.426 
36.471 
25.641 
49.796 
54.401 
69.741 
44.516 
40.979 
25.641 
18.868 
17.709 
20.141 
F 
2.410 
2.777 
3.463 
2.143 
2.059 
1.273 
2.639 
3.072 
3.463 
2.359 
2.314 
1.273 
Sig. 
.196 
.171 
.136 
.217 
.225 
.322 
.180 
.155 
.136 
.199 
.203 
.322 
a Computed using alpha = .05 
Tests of Betwcen-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum of Squares 
7.977 
.488 
7.050 
.280 
7.015 
df 
1 
1 
1 
1 
4 
Mean Square 
7.977 
.488 
7.050 
.280 
1.754 
F 
4.548 
.278 
4.020 
.160 
Sig. 
.100 
.626 
.115 
.710 
a Computed using alpha = .05 
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Coralline Algae RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.570 
.430 
.486 
.514 
.570 
.430 
.486 
.514 
.001 
.999 
.004 
.996 
.001 
.999 
.004 
.996 
1.000 
.000 
1.000 
.000 
1.000 
.000 
1.000 
.000 
F 
1.990(b) 
1.990(b) 
1.418(b) 
1.418(b) 
1.990(b) 
1.990(b) 
1.418(b) 
1.418(b) 
.003(b) 
.003(b) 
.015(b) 
.015(b) 
.003(b) 
.003(b) 
.015(b) 
.015(b) 
103386.277(b) 
103386.277(b) 
102616.169(b) 
102616.169(b) 
103386.277(b) 
103386.277(b) 
102616.169(b) 
102616.169(b) 
Hypothesis df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Error df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Sig. 
.282 
.282 
.369 
.369 
.282 
.282 
.369 
.369 
.961 
.961 
.907 
.907 
.961 
.961 
.907 
.907 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.000 
1.000 
.000 
Approx. Chi-
Square 
.000 
df 
5 
0 
5 
Sig. 
Greenhouse-
Geisser 
.431 
1.000 
.347 
Huynh-Feldt 
1.000 
1.000 
.712 
Lower-bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time* Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
42.714 
42.714 
42.714 
11.688 
11.688 
11.688 
42.714 
42.714 
42.714 
11.688 
11.688 
11.688 
54.162 
54.162 
54.162 
.002 
.002 
.002 
.010 
.010 
.010 
.002 
.002 
.002 
.010 
.010 
.010 
2.674 
2.674 
2.674 
1.212 
1.212 
1.212 
1.247 
1.247 
1.247 
1.212 
1.212 
1.212 
1.247 
1.247 
1.247 
2.268 
2.268 
2.268 
df 
3 
1.293 
3.000 
3 
1.293 
3.000 
3 
1.293 
3.000 
3 
1.293 
3.000 
12 
5.170 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.041 
2.137 
3 
1.041 
2.137 
3 
1.041 
2.137 
3 
1.041 
2.137 
12 
4.163 
8.550 
Mean Square 
14.238 
33.046 
14.238 
3.896 
9.043 
3.896 
14.238 
33.046 
14.238 
3.896 
9.043 
3.896 
4.513 
10.476 
4.513 
.002 
.002 
.002 
.010 
.010 
.010 
.002 
.002 
.002 
.010 
.010 
.010 
.669 
.669 
.669 
.404 
1.165 
.567 
.416 
1.198 
.583 
.404 
1.165 
.567 
.416 
1.198 
.583 
.189 
.545 
.265 
F 
3.155 
3.155 
3.155 
.863 
.863 
.863 
3.155 
3.155 
3.155 
.863 
.863 
.863 
.003 
.003 
.003 
.015 
.015 
.015 
.003 
.003 
.003 
.015 
.015 
.015 
2.139 
2.139 
2.139 
2.199 
2.199 
2.199 
2.139 
2.139 
2.139 
2.199 
2.199 
2.199 
Sig. 
.064 
.132 
.064 
.487 
.425 
.487 
.064 
.132 
.064 
.487 
.425 
.487 
.961 
.961 
.961 
.907 
.907 
.907 
.961 
.961 
.961 
.907 
.907 
.907 
.149 
.216 
.176 
.141 
.211 
.169 
.149 
.216 
.176 
.141 
.211 
.169 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
56.274 
40.130 
68.667 
12.111 
21.592 
7.263 
56.274 
40.130 
68.667 
12.111 
21.592 
7.263 
79.149 
30.713 
59.128 
df 
4 
4 
4 
Mean Square 
56.274 
40.130 
68.667 
12.111 
21.592 
7.263 
56.274 
40.130 
68.667 
12.111 
21.592 
7.263 
19.787 
7.678 
14.782 
F 
2.844 
5.226 
4.645 
.612 
2.812 
.491 
2.844 
5.226 
4.645 
.612 
2.812 
.491 
Sig. 
.167 
.084 
.097 
.478 
.169 
.522 
.167 
.084 
.097 
.478 
.169 
.522 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
7.594 
.000 
7.594 
.000 
5.667 
df 
1 
1 
1 
1 
4 
Mean Square 
7.594 
.000 
7.594 
.000 
1.417 
F 
5.361 
.000 
5.361 
.000 
Sig. 
.082 
.993 
.082 
.993 
a Computed using alpha = .05 
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Total Richness RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.350 
.650 
.361 
.639 
.036 
.964 
.521 
.479 
.982 
.018 
.726 
.274 
.546 
.454 
.320 
.680 
.(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
.359(b) 
.359(b) 
.377(b) 
.377(b) 
.025(b) 
.025(b) 
.725(b) 
.725(b) 
13.429(b) 
13.429(b) 
.664(b) 
.664(b) 
.301(b) 
.301(b) 
.117(b) 
.117(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.793 
.793 
.783 
.783 
.993 
.993 
.624 
.624 
.202 
.202 
.713 
.713 
.858 
.858 
.957 
.957 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.573 
.001 
.000 
Approx. Chi-
Square 
1.518 
17.550 
df 
5 
9 
77 
Sig. 
.916 
.084 
Greenhouse-
Oeisser 
.747 
.316 
.247 
Huynh-Feldt 
1.000 
.741 
1.000 
Lower-bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * 
Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
.089 
.089 
.089 
.123 
.123 
.123 
.016 
.016 
.016 
.211 
.211 
.211 
.980 
.980 
.980 
3.110 
3.110 
3.110 
.066 
.066 
.066 
.261 
.261 
.261 
.006 
.006 
.006 
.788 
.788 
.788 
.277 
.277 
.277 
.079 
.079 
.079 
.173 
.173 
.173 
.129 
.129 
.129 
.676 
.676 
.676 
df 
3 
2.241 
3.000 
3 
2.241 
3.000 
3 
2.241 
3.000 
3 
2.241 
3.000 
12 
8.963 
12.000 
4 
1.264 
2.965 
4 
1.264 
2.965 
4 
1.264 
2.965 
4 
1.264 
2.965 
16 
5.056 
11.860 
12 
2.959 
12.000 
12 
2.959 
12.000 
12 
2.959 
12.000 
12 
2.959 
12.000 
48 
11.836 
48.000 
Mean Square 
.030 
.040 
.030 
.041 
.055 
.041 
.005 
.007 
.005 
.070 
.094 
.070 
.082 
.109 
.082 
.777 
2.460 
1.049 
.017 
.052 
.022 
.065 
.207 
.088 
.001 
.005 
.002 
.049 
.156 
.066 
.023 
.094 
.023 
.007 
.027 
.007 
.014 
.058 
.014 
.011 
.044 
Oil 
.014 
.057 
.014 
F 
.361 
.361 
.361 
.501 
.501 
.501 
.067 
.067 
.067 
.862 
.862 
.862 
15.777 
15.777 
15.777 
.336 
.336 
.336 
1.327 
1.327 
1.327 
.030 
.030 
.030 
1.639 
1.639 
1.639 
.466 
.466 
.466 
1.023 
1.023 
1.023 
.763 
.763 
.763 
Sig. 
.782 
.729 
.782 
.689 
.642 
.689 
.977 
.950 
.977 
.487 
.466 
.487 
.000 
.009 
.000 
.849 
.637 
.797 
.303 
.317 
.312 
.998 
.913 
.992 
.112 
.234 
.112 
.924 
.709 
.924 
.444 
.416 
.444 
.684 
.535 
.684 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type HI Sum of 
Squares 
.005 
.140 
.069 
.242 
.043 
.070 
.004 
8.79E-005 
.026 
.399 
.034 
.082 
.487 
.590 
.730 
df 
4 
4 
4 
Mean Square 
.005 
.140 
.069 
.242 
.043 
.070 
.004 
8.79E-005 
.026 
.399 
.034 
.082 
.122 
.147 
.182 
F 
.041 
.949 
.376 
1.984 
.290 
.386 
.030 
.001 
.142 
3.275 
.230 
.450 
Sig. 
.849 
.385 
.573 
.232 
.619 
.568 
.870 
.982 
.726 
.145 
.656 
.539 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
20.750 
.000 
.033 
.009 
.238 
df 
1 
1 
1 
1 
4 
Mean Square 
20.750 
.000 
.033 
.009 
.059 
F 
349.081 
.008 
.557 
.145 
Sis. 
.000 
.935 
.497 
.723 
a Computed using alpha = .05 
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Total Richness RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.562 
.438 
.593 
.407 
.157 
.843 
.565 
.435 
.601 
.399 
.006 
.994 
.453 
.547 
.464 
.536 
.704 
.296 
.804 
.196 
.947 
.053 
.534 
.466 
F 
.857(b) 
.857(b) 
.972(b) 
.972(b) 
.124(b) 
.124(b) 
.866(b) 
.866(b) 
6.037(b) 
6.037(b) 
.024(b) 
•024(b) 
3.308(b) 
3.308(b) 
3.459(b) 
3.459(b) 
1.588(b) 
1.588(b) 
2.741(b) 
2.741(b) 
12.031(b) 
12.031(b) 
.763(b) 
.763(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.578 
.578 
.543 
.543 
.938 
.938 
.575 
.575 
.070 
.070 
.885 
.885 
.143 
.143 
.136 
.136 
.409 
.409 
.279 
.279 
.078 
.078 
.610 
.610 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.526 
1.000 
.031 
Approx. Chi-
Square 
1.747 
.000 
9.437 
df 
5 
0 
5 
Sig. 
.890 
.112 
Greenhouse-
Geisser 
.712 
1.000 
.456 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * 
Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * 
Site 
Treatment * Time * 
Elevation 
Treatment * Time * 
Site * Elevation 
Error(Treatment*Tim 
e) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
.169 
.169 
.169 
.133 
.133 
.133 
.020 
.020 
.020 
.184 
.184 
.184 
.592 
.592 
.592 
.040 
.040 
.040 
.000 
.000 
.000 
.022 
.022 
.022 
.023 
.023 
.023 
.026 
.026 
.026 
.029 
.029 
.029 
.031 
.031 
.031 
.061 
.061 
.061 
.020 
.020 
.020 
.245 
.245 
.245 
df 
3 
2.135 
3.000 
3 
2.135 
3.000 
3 
2.135 
3.000 
3 
2.135 
3.000 
12 
8.542 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.368 
3.000 
3 
1.368 
3.000 
3 
1.368 
3.000 
3 
1.368 
3.000 
12 
5.472 
12.000 
Mean Square 
.056 
.079 
.056 
.044 
.062 
.044 
.007 
.009 
.007 
.061 
.086 
.061 
.049 
.069 
.049 
.040 
.040 
.040 
.000 
.000 
.000 
.022 
.022 
.022 
.023 
.023 
.023 
.007 
.007 
.007 
.010 
.021 
.010 
.010 
.022 
.010 
.020 
.044 
.020 
.007 
.014 
.007 
.020 
.045 
.020 
F 
1.140 
1.140 
1.140 
.900 
.900 
.900 
.135 
.135 
.135 
1.240 
1.240 
1.240 
6.037 
6.037 
6.037 
.024 
.024 
.024 
3.308 
3.308 
3.308 
3.459 
3.459 
3.459 
.478 
.478 
.478 
.498 
.498 
.498 
.990 
.990 
.990 
.323 
.323 
.323 
Sig. 
.372 
.368 
.372 
.470 
.448 
.470 
.937 
.887 
.937 
.338 
.340 
.338 
.070 
.070 
.070 
.885 
.885 
.885 
.143 
.143 
.143 
.136 
.136 
.136 
.704 
.576 
.704 
.691 
.567 
.691 
.430 
.394 
.430 
.809 
.660 
.809 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
.034 
.303 
.137 
.106 
.260 
.075 
.010 
.040 
.010 
.264 
.000 
.018 
.220 
.365 
.269 
df 
4 
4 
4 
Mean Square 
.034 
.303 
.137 
.106 
.260 
.075 
.010 
.040 
.010 
.264 
.000 
.018 
.055 
.091 
.067 
F 
.627 
3.326 
2.032 
1.932 
2.845 
1.114 
.177 
.438 
.148 
4.791 
.004 
.263 
Sig. 
.473 
.142 
.227 
.237 
.167 
.351 
.696 
.544 
.720 
.094 
.952 
.635 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum of 
Squares 
9.989 
.000 
.029 
.009 
.083 
df 
1 
1 
1 
1 
4 
Mean Square 
9.989 
.000 
.029 
.009 
.021 
F 
480.110 
.006 
1.416 
.431 
Sig. 
.000 
.943 
.300 
.547 
a Computed using alpha = .05 
184 
Algae Richness RMANOVA For Trampling Period 
Multivariate Tests 
Effect 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * 
Elevation 
Treatment * Time 
Treatment * Time 
*Site 
Treatment * Time 
* Elevation 
Treatment * Time 
* Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.325 
.675 
.649 
.351 
.215 
.785 
.523 
.477 
.982 
.018 
.834 
.166 
.753 
.247 
.898 
.102 
.(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
.320(b) 
.320(b) 
1.232(b) 
1.232(b) 
.183(b) 
.183(b) 
.731(b) 
.731(b) 
13.550(b) 
13.550(b) 
1.256(b) 
1.256(b) 
.764(b) 
.764(b) 
2.194(b) 
2.194(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.815 
.815 
.477 
.477 
.900 
.900 
.622 
.622 
.201 
.201 
.577 
.577 
.684 
.684 
.463 
.463 
Noncent. 
Parameter 
.961 
.961 
3.695 
3.695 
.549 
.549 
2.192 
2.192 
54.198 
54.198 
5.025 
5.025 
3.054 
3.054 
8.774 
8.774 
Observed 
Power(a) 
.065 
.065 
.107 
.107 
.059 
.059 
.084 
.084 
.199 
.199 
.076 
.076 
.067 
.067 
.092 
.092 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity (b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment * 
Time 
Mauchly's W 
.279 
.015 
.000 
Approx. 
Chi-Square 
3.471 
10.092 
df 
5 
9 
77 
Sig. 
.647 
.452 
Greenhouse-Geisser 
.702 
.486 
.241 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-
bound 
.333 
.250 
.083 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * 
Elevation 
Treatment * Time * Site 
* Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Lower-bound 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
.073 
.073 
.073 
.473 
.473 
.473 
.025 
.025 
.025 
.025 
.132 
.132 
.132 
1.516 
1.516 
1.516 
1.226 
1.226 
1.226 
.039 
.039 
.039 
.059 
.059 
.059 
.046 
.046 
.046 
.477 
.477 
.477 
.286 
.286 
.286 
.050 
.050 
.050 
.137 
.137 
.137 
.081 
.081 
.081 
.749 
.749 
.749 
df 
3 
2.106 
3.000 
3 
2.106 
3.000 
3 
2.106 
3.000 
1.000 
3 
2.106 
3.000 
12 
8.426 
12.000 
4 
1.946 
4.000 
4 
1.946 
4.000 
4 
1.946 
4.000 
4 
1.946 
4.000 
16 
7.783 
16.000 
12 
2.892 
12.000 
12 
2.892 
12.000 
12 
2.892 
12.000 
12 
2.892 
12.000 
48 
11.569 
48.000 
Mean Square 
.024 
.035 
.024 
.158 
.225 
.158 
.008 
.012 
.008 
.025 
.044 
.063 
.044 
.126 
.180 
.126 
.306 
.630 
.306 
.010 
.020 
.010 
.015 
.030 
.015 
.012 
.024 
.012 
.030 
.061 
.030 
.024 
.099 
.024 
.004 
.017 
.004 
.011 
.047 
.011 
.007 
.028 
.007 
.016 
.065 
.016 
F 
.193 
.193 
.193 
1.248 
1.248 
1.248 
.065 
.065 
.065 
.065 
.349 
.349 
.349 
10.278 
10.278 
10.278 
.324 
.324 
.324 
.492 
.492 
.492 
.388 
.388 
.388 
1.524 
1.524 
1.524 
.268 
.268 
.268 
.731 
.731 
.731 
.435 
.435 
.435 
Sift 
.899 
.838 
.899 
.336 
.338 
.336 
.977 
.944 
.977 
.811 
.791 
.726 
.791 
.000 
.007 
.000 
.857 
.727 
.857 
.742 
.624 
.742 
.814 
.686 
.814 
.148 
.260 
.148 
.992 
.841 
.992 
.714 
.549 
.714 
.941 
.726 
.941 
a Computed using alpha = .05 
186 
Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Time 
Type III Sum 
of Squares 
.052 
.018 
.015 
.836 
.271 
.552 
.004 
.013 
.015 
.258 
.036 
.059 
.790 
df 
4 
Mean 
Square 
.052 
.018 
.015 
.836 
.271 
.552 
.004 
.013 
.015 
.258 
.036 
.059 
.197 
F 
.264 
.043 
.052 
4.232 
.643 
1.949 
.020 
.031 
.054 
1.309 
.084 
.209 
Sig. 
.635 
.846 
.831 
.109 
.467 
.235 
.894 
.868 
.828 
.316 
.786 
.671 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site* 
Elevation 
Error 
Type III Sum 
of Squares 
7.641 
.037 
.233 
.042 
.383 
df 
1 
1 
1 
1 
4 
Mean 
Square 
7.641 
.037 
.233 
.042 
.096 
F 
79.827 
.385 
2.429 
.440 
Sig. 
.001 
.569 
.194 
.544 
a Computed using alpha = .05 
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Algae Richness RMANOVA For Recovery 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * 
Elevation 
Treatment * Time 
Treatment * Time * 
Site 
Treatment * Time * 
Elevation 
Treatment * Time * 
Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.303 
.697 
.536 
.464 
.052 
.948 
.358 
.642 
.322 
.678 
.027 
.973 
.561 
.439 
.093 
.907 
.987 
.013 
.909 
.091 
.992 
.008 
.936 
.064 
F 
.290(b) 
.290(b) 
.769(b) 
.769(b) 
.036(b) 
.036(b) 
.372(b) 
.372(b) 
1.900(b) 
1.900(b) 
.112(b) 
.112(b) 
5.111(b) 
5.111(b) 
.412(b) 
.412(b) 
49.611(b) 
49.611(b) 
6.695(b) 
6.695(b) 
85.672(b) 
85.672(b) 
9.830(b) 
9.830(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.833 
.833 
.608 
.608 
.988 
.988 
.785 
.785 
.240 
.240 
.755 
.755 
.087 
.087 
.556 
.556 
.020 
.020 
.133 
.133 
.012 
.012 
.094 
.094 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.569 
1.000 
.005 
Approx. Chi-
Square 
1.534 
.000 
14.471 
df 
5 
0 
5 
Sig. 
.915 
.019 
Greenhouse-
Geisser 
.716 
1.000 
.389 
Huynh-Feldt 
1.000 
1.000 
.864 
Lower-
bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to 
an identity matrix 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
.172 
.172 
.172 
.336 
.336 
.336 
.022 
.022 
.022 
.137 
.137 
.137 
1.142 
1.142 
1.142 
.014 
.014 
.014 
.001 
.001 
.001 
.036 
.036 
.036 
.003 
.003 
.003 
.028 
.028 
.028 
.066 
.066 
.066 
.022 
.022 
.022 
.086 
.086 
.086 
Oil 
Oil 
Oil 
.241 
.241 
.241 
df 
3 
2.148 
3.000 
3 
2.148 
3.000 
3 
2.148 
3.000 
3 
2.148 
3.000 
12 
8.592 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.168 
2.592 
3 
1.168 
2.592 
3 
1.168 
2.592 
3 
1.168 
2.592 
12 
4.670 
10.366 
Mean Square 
.057 
.080 
.057 
.112 
.156 
.112 
.007 
.010 
.007 
.046 
.064 
.046 
.095 
.133 
.095 
.014 
.014 
.014 
.001 
.001 
.001 
.036 
.036 
.036 
.003 
.003 
.003 
.007 
.007 
.007 
.022 
.056 
.025 
.007 
.018 
.008 
.029 
.073 
.033 
.004 
.010 
.004 
.020 
.052 
.023 
F 
.603 
.603 
.603 
1.176 
1.176 
1.176 
.077 
.077 
.077 
.479 
.479 
.479 
1.900 
1.900 
1.900 
.112 
.112 
.112 
5.111 
5.111 
5.111 
.412 
.412 
.412 
1.090 
1.090 
1.090 
.357 
.357 
.357 
1.418 
1.418 
1.418 
.185 
.185 
.185 
Sig-
.625 
.580 
.625 
.360 
.358 
.360 
.971 
.936 
.971 
.703 
.648 
.703 
.240 
.240 
.240 
.755 
.755 
.755 
.087 
.087 
.087 
.556 
.556 
.556 
.391 
.362 
.388 
.785 
.611 
.759 
.286 
.301 
.291 
.904 
.723 
.881 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site * 
Elevation 
Error( Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
.002 
.237 
.028 
.541 
.200 
.462 
.022 
.003 
.001 
.247 
.026 
.013 
.650 
.710 
.544 
df 
4 
4 
4 
Mean 
Square 
.002 
.237 
.028 
.541 
.200 
.462 
.022 
.003 
.001 
.247 
.026 
.013 
.162 
.178 
.136 
F 
.010 
1.335 
.203 
3.330 
1.126 
3.403 
.134 
.017 
.005 
1.520 
.145 
.097 
Sig. 
.926 
.312 
.676 
.142 
.348 
.139 
.733 
.902 
.945 
.285 
.723 
.771 
a Computed using alpha = .05 
Tests of Berween-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III 
Sum of 
Squares 
2.662 
.046 
.004 
.010 
.133 
Df 
1 
1 
1 
1 
4 
Mean Square 
2.662 
.046 
.004 
.010 
.033 
F 
79.907 
1.379 
.128 
.288 
Sig. 
.001 
.305 
.738 
.620 
a Computed using alpha = .05 
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Fauna Richness RMANOVA For Trampling Period 
Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks1 Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.944 
.056 
.504 
.496 
.529 
.471 
.463 
.537 
.998 
.002 
.918 
.082 
.470 
.530 
.952 
.048 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
(c) 
F 
11.178( 
b) 
11.178( 
b) 
.676(b) 
.676(b) 
.750(b) 
.750(b) 
.575(b) 
.575(b) 
105.204 
(b) 
105.204 
(b) 
2.796(b) 
2.796(b) 
.222(b) 
.222(b) 
4.909(b) 
4.909(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.083 
.083 
.643 
.643 
.615 
.615 
.685 
.685 
.073 
.073 
.418 
.418 
.899 
.899 
.325 
.325 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.108 
.001 
.000 
Approx. Chi-
Square 
6.063 
17.364 
Df 
5 
9 
77 
Sig. 
.327 
.088 
Greenhouse-
Geisser 
.643 
.345 
.219 
Huynh-Feldt 
1.000 
.861 
1.000 
Lower-
bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
.232 
.232 
.232 
.050 
.050 
.050 
.030 
.030 
.030 
.247 
.247 
.247 
.661 
.661 
.661 
2.747 
2.747 
2.747 
.108 
.108 
.108 
.186 
.186 
.186 
.019 
.019 
.019 
.584 
.584 
.584 
.206 
.206 
.206 
.205 
.205 
.205 
.179 
.179 
.179 
.263 
.263 
.263 
1.018 
1.018 
1.018 
df 
3 
1.929 
3.000 
3 
1.929 
3.000 
3 
1.929 
3.000 
3 
1.929 
3.000 
12 
7.717 
12.000 
4 
1.379 
3.444 
4 
1.379 
3.444 
4 
1.379 
3.444 
4 
1.379 
3.444 
16 
5.515 
13.778 
12 
2.626 
12.000 
12 
2.626 
12.000 
12 
2.626 
12.000 
12 
2.626 
12.000 
48 
10.502 
48.000 
Mean Square 
.077 
.120 
.077 
.017 
.026 
.017 
.010 
.015 
.010 
.082 
.128 
.082 
.055 
.086 
.055 
.687 
1.992 
.797 
.027 
.079 
.031 
.047 
.135 
.054 
.005 
.014 
.006 
.037 
.106 
.042 
.017 
.078 
.017 
.017 
.078 
.017 
.015 
.068 
.015 
.022 
.100 
.022 
.021 
.097 
.021 
F 
1.406 
1.406 
1.406 
.301 
.301 
.301 
.180 
.180 
.180 
1.497 
1.497 
1.497 
18.805 
18.805 
18.805 
.741 
.741 
.741 
1.277 
1.277 
1.277 
.131 
.131 
.131 
.809 
.809 
.809 
.807 
.807 
.807 
.702 
.702 
.702 
1.034 
1.034 
1.034 
Sig. 
.289 
.300 
.289 
.824 
.741 
.824 
.908 
.831 
.908 
.265 
.281 
.265 
.000 
.005 
.000 
.578 
.469 
.562 
.320 
.328 
.324 
.969 
.807 
.955 
.640 
.502 
.640 
.642 
.503 
.642 
.742 
.554 
.742 
.434 
.408 
.434 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * 
Elevation 
Treatment * Site 
* Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
.111 
.369 
.318 
.041 
.002 
.012 
.001 
.034 
.000 
.477 
.054 
.098 
.612 
.164 
.459 
df 
4 
4 
4 
Mean Square 
.111 
.369 
.318 
.041 
.002 
.012 
.001 
.034 
.000 
.477 
.054 
.098 
.153 
.041 
.115 
F 
.724 
8.993 
2.778 
.265 
.038 
.104 
.003 
.831 
.003 
3.119 
1.306 
.859 
Sig. 
.443 
.040 
.171 
.634 
.854 
.763 
.957 
.414 
.959 
.152 
.317 
.407 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum of 
Squares 
11.358 
.021 
.014 
.000 
.074 
df 
1 
1 
1 
1 
4 
Mean Square 
11.358 
.021 
.014 
.000 
.018 
F 
616.001 
1.138 
.780 
.024 
Sig. 
.000 
.346 
.427 
.884 
a Computed using alpha = .05 
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Fauna Richness RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * 
Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.740 
.260 
.463 
.537 
.457 
.543 
.511 
.489 
.751 
.249 
.135 
.865 
.118 
.882 
.330 
.670 
.586 
.414 
.863 
.137 
.732 
.268 
.245 
.755 
F 
1.894(b) 
1.894(b) 
.576(b) 
576(b) 
.561(b) 
.561(b) 
.698(b) 
.698(b) 
12.081(b) 
12.081(b) 
.623(b) 
.623(b) 
.533(b) 
.533(b) 
1.967(b) 
1.967(b) 
.944(b) 
.944(b) 
4.198(b) 
4.198(b) 
1.818(b) 
1.818(b) 
.216(b) 
.216(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.364 
.364 
.684 
.684 
.691 
.691 
.634 
.634 
.025 
.025 
.474 
.474 
.506 
.506 
.233 
.233 
.551 
.551 
.198 
.198 
.374 
.374 
.879 
.879 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects 
Effect 
Treatment 
Time 
Treatment 
* Time 
Mauchly's W 
.384 
1.000 
.117 
Approx. Chi-Square 
2.603 
.000 
5.831 
df 
5 
0 
5 
Sig. 
.774 
.350 
Greenhous 
e-Geisser 
.666 
1.000 
.520 
Huynh-Feldt 
1.000 
1.000 
1.000 
Lower-
bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of VVithin-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
.123 
.123 
.123 
.121 
.121 
.121 
.033 
.033 
.033 
.124 
.124 
.124 
.459 
.459 
.459 
.131 
.131 
.131 
.007 
.007 
.007 
.006 
.006 
.006 
.021 
.021 
.021 
.043 
.043 
.043 
.017 
.017 
.017 
.048 
.048 
.048 
.024 
.024 
.024 
.021 
.021 
.021 
.211 
.211 
.211 
df 
3 
1.999 
3.000 
3 
1.999 
3.000 
3 
1.999 
3.000 
3 
1.999 
3.000 
12 
7.997 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.559 
3.000 
3 
1.559 
3.000 
3 
1.559 
3.000 
3 
1.559 
3.000 
12 
6.235 
12.000 
Mean 
Square 
.041 
.062 
.041 
.040 
.061 
.040 
Oil 
.016 
.011 
.041 
.062 
.041 
.038 
.057 
.038 
.131 
.131 
.131 
.007 
.007 
.007 
.006 
.006 
.006 
.021 
.021 
.021 
Oil 
Oil 
.011 
.006 
.011 
.006 
.016 
.030 
.016 
.008 
.016 
.008 
.007 
.013 
.007 
.018 
.034 
.018 
F 
1.071 
1.071 
1.071 
1.054 
1.054 
1.054 
.285 
.285 
.285 
1.080 
1.080 
1.080 
12.081 
12.081 
12.081 
.623 
.623 
.623 
.533 
.533 
.533 
1.967 
1.967 
1.967 
.326 
.326 
.326 
.902 
.902 
.902 
.464 
.464 
.464 
.393 
.393 
.393 
Sig. 
.398 
.387 
.398 
.404 
.392 
.404 
.835 
.759 
.835 
.394 
.384 
.394 
.025 
.025 
.025 
.474 
.474 
.474 
.506 
.506 
.506 
.233 
.233 
.233 
.807 
.683 
.807 
.469 
.427 
.469 
.713 
.604 
.713 
.760 
.643 
.760 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
.062 
.220 
.137 
.001 
.164 
.000 
.052 
.043 
.032 
.187 
5.01E-006 
.018 
.205 j 
.225 
.143 
df 
4 
4 
4 
Mean Square 
.062 
.220 
.137 
.001 
.164 
.000 
.052 
.043 
.032 
.187 
5.01E-006 
.018 
.051 
.056 
.036 
F 
1.205 
3.900 
3.856 
.023 
2.916 
.008 
1.023 
.763 
.887 
3.651 
.000 
.503 
Sifi. 
.334 
.120 
.121 
.887 
.163 
.934 
.369 
.432 
.400 
.129 
.993 
.517 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III 
Sum of 
Squares 
6.719 
.012 
.069 
.003 
.031 
df 
1 
1 
1 
1 
4 
Mean 
Square 
6.719 
.012 
.069 
.003 
.008 
F 
880.548 
1.527 
9.011 
.392 
Sig. 
.000 
.284 
.040 
.565 
a Computed using alpha =.05 
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Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.796 
.204 
.916 
.084 
.173 
.827 
.705 
.295 
.939 
.061 
.651 
.349 
.524 
.476 
.143 
.857 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
2.596(b) 
2.596(b) 
7.295(b) 
7.295(b) 
.140(b) 
.140(b) 
1.597(b) 
1.597(b) 
3.848(b) 
3.848(b) 
.467(b) 
.467(b) 
.275(b) 
.275(b) 
.042(b) 
.042(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.290 
.290 
.123 
.123 
.928 
.928 
.407 
.407 
.363 
.363 
.783 
.783 
.871 
.871 
.992 
.992 
a Computed using alpha = .05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within Subjects Effect 
Treatment 
Time 
Treatment * Time 
Mauchly's W 
.148 
.105 
.000 
Approx. Chi-
Square 
5.193 
5.456 
Df 
5 
9 
77 
Sig. 
.419 
.847 
Greenhouse-
Oeisser 
.551 
.556 
.207 
Huynh-
Feldt 
1.000 
1.000 
.986 
Lower-
bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum of 
Squares 
.077 
.077 
.077 
.147 
.147 
.147 
.010 
.010 
.010 
.023 
.023 
.023 
.247 
.247 
.247 
.367 
.367 
.367 
.052 
.052 
.052 
.017 
.017 
.017 
.002 
.002 
.002 
.159 
.159 
.159 
.037 
.037 
.037 
.067 
.067 
.067 
.054 
.054 
.054 
.056 
.056 
.056 
.272 
.272 
.272 
df 
3 
1.654 
3.000 
3 
1.654 
3.000 
3 
1.654 
3.000 
3 
1.654 
3.000 
12 
6.617 
12.000 
4 
2.222 
4.000 
4 
2.222 
4.000 
4 
2.222 
4.000 
4 
2.222 
4.000 
16 
8.890 
16.000 
12 
2.488 
11.835 
12 
2.488 
11.835 
12 
2.488 
11.835 
12 
2.488 
11.835 
48 
9.950 
47.341 
Mean 
Square 
.026 
.046 
.026 
.049 
.089 
.049 
.003 
.006 
.003 
.008 
.014 
.008 
.021 
.037 
.021 
.092 
.165 
.092 
.013 
.023 
.013 
.004 
.007 
.004 
.000 
.001 
.000 
.010 
.018 
.010 
.003 
.015 
.003 
.006 
.027 
.006 
.004 
.022 
.005 
.005 
.023 
.005 
.006 
.027 
.006 
F 
1.242 
1.242 
1.242 
2.378 
2.378 
2.378 
.165 
.165 
.165 
.368 
.368 
.368 
9.264 
9.264 
9.264 
1.317 
1.317 
1.317 
.420 
.420 
.420 
.050 
.050 
.050 
.537 
.537 
.537 
.989 
.989 
.989 
.789 
.789 
.789 
.827 
.827 
.827 
Sip. 
.338 
.338 
.338 
.121 
.169 
.121 
.918 
.813 
.918 
.778 
.668 
.778 
.000 
.006 
.000 
.306 
.320 
.306 
.792 
.689 
.792 
.995 
.962 
.995 
.880 
.637 
.878 
.473 
.423 
.473 
.659 
.506 
.658 
.623 
.489 
.621 
a Computed using alpha = .05 
Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * 
Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum of 
Squares 
.037 
.020 
.032 
.281 
.105 
.125 
.002 
.009 
.018 
.040 
.007 
.001 
.071 
.333 
.115 
df 
4 
4 
4 
Mean 
Square 
.037 
.020 
.032 
.281 
.105 
.125 
.002 
.009 
.018 
.040 
.007 
.001 
.018 
.083 
.029 
F 
2.064 
.245 
1.126 
15.78 
1 
1.262 
4.349 
.098 
.107 
.612 
2.222 
.089 
.042 
% • 
.224 
.646 
.348 
.017 
.324 
.105 
.770 
.760 
.478 
.210 
.780 
.848 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type HI Sum 
of Squares 
2.130 
.050 
.105 
.007 
.098 
df 
1 
1 
1 
1 
4 
Mean Square 
2.130 
.050 
.105 
.007 
.024 
F 
87.060 
2.062 
4.274 
.267 
Sig. 
.001 
.224 
.108 
.633 
a Computed using alpha = .05 
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Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.585 
.415 
.801 
.199 
.443 
.557 
.463 
.537 
.097 
.903 
.216 
.784 
.242 
.758 
.034 
.966 
.832 
.168 
.680 
.320 
.405 
.595 
.722 
.278 
F 
.941(b) 
.941(b) 
2.680(b) 
2.680(b) 
.531(b) 
.531(b) 
.575(b) 
.575(b) 
.429(b) 
.429(b) 
1.102(b) 
1.102(b) 
1.279(b) 
1.279(b) 
.142(b) 
.142(b) 
3.308(b) 
3.308(b) 
1.418(b) 
1.418(b) 
.453(b) 
.453(b) 
1.727(b) 
1.727(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig-
.552 
.552 
.283 
.283 
.705 
.705 
.685 
.685 
.548 
.548 
.353 
.353 
.321 
.321 
.726 
.726 
.241 
.241 
.439 
.439 
.743 
.743 
.387 
.387 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Within 
Subjects Effect 
Treatment 
Time 
Treatment * 
Time 
Mauchly's W 
.333 
1.000 
.096 
Approx. Chi-
Square 
2.994 
.000 
6.386 
df 
5 
0 
5 
Sig. 
.717 
.297 
Greenhouse-
Geisser 
.574 
1.000 
.434 
Huynh-
Feldt 
1.000 
1.000 
1.000 
Lower-
bound 
.333 
1.000 
.333 
Measure: PercentCoverH 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to 
an identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type HI Sum 
of Squares 
.120 
.120 
.120 
.100 
.100 
.100 
.032 
.032 
.032 
.035 
.035 
.035 
.211 
.211 
.211 
.002 
.002 
.002 
.004 
.004 
.004 
.005 
.005 
.005 
.001 
.001 
.001 
.014 
.014 
.014 
.033 
.033 
.033 
.012 
.012 
.012 
.003 
.003 
.003 
.024 
.024 
.024 
.069 
.069 
.069 
df 
3 
1.723 
3.000 
3 
1.723 
3.000 
3 
1.723 
3.000 
3 
1.723 
3.000 
12 
6.891 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.302 
3.000 
3 
1.302 
3.000 
3 
1.302 
3.000 
3 
1.302 
3.000 
12 
5.209 
12.000 
Mean Square 
.040 
.069 
.040 
.033 
.058 
.033 
.011 
.018 
.011 
.012 
.020 
.012 
.018 
.031 
.018 
.002 
.002 
.002 
.004 
.004 
.004 
.005 
.005 
.005 
.001 
.001 
.001 
.004 
.004 
.004 
.011 
.025 
.011 
.004 
.009 
.004 
.001 
.003 
.001 
.008 
.019 
.008 
.006 
.013 
.006 
F 
2.267 
2.267 
2.267 
1.891 
1.891 
1.891 
.601 
.601 
.601 
.666 
.666 
.666 
.429 
.429 
.429 
1.102 
1.102 
1.102 
1.279 
1.279 
1.279 
.142 
.142 
.142 
1.905 
1.905 
1.905 
.697 
.697 
.697 
.199 
.199 
.199 
1.423 
1.423 
1.423 
Sig. 
.133 
.177 
.133 
.185 
.221 
.185 
.627 
.551 
.627 
.589 
.523 
.589 
.548 
.548 
.548 
.353 
.353 
.353 
.321 
.321 
.321 
.726 
.726 
.726 
.183 
.231 
.183 
.572 
.479 
.572 
.895 
.735 
.895 
.284 
.300 
.284 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
.082 
.025 
.039 
.153 
.143 
.085 
.007 
.001 
.024 
.049 
.000 
.004 
.066 
.127 
.090 
df 
4 
4 
4 
Mean 
Square 
.082 
.025 
.039 
.153 
.143 
.085 
.007 
.001 
.024 
.049 
.000 
.004 
.016 
.032 
.023 
F 
5.005 
.786 
1.744 
9.320 
4.532 
3.777 
.405 
.045 
1.060 
3.003 
.007 
.163 
Sig. 
.089 
.425 
.257 
.038 
.100 
.124 
.559 
.842 
.361 
.158 
.939 
.707 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum 
of Squares 
.846 
.027 
.013 
.001 
.053 
df 
1 
1 
1 
1 
4 
Mean Square 
.846 
.027 
.013 
.001 
.013 
F 
63.465 
1.993 
1.003 
.100 
Sig. 
.001 
.231 
.373 
.767 
a Computed using alpha = .05 
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Multivariate Tests(d) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks1 Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.835 
.165 
.740 
.260 
.223 
.777 
.622 
.378 
.883 
.117 
.978 
.022 
.976 
.024 
.980 
.020 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
•(c) 
F 
3.367(b) 
3.367(b) 
1.900(b) 
1.900(b) 
.191(b) 
.191(b) 
1.098(b) 
1.098(b) 
1.894(b) 
1.894(b) 
11.182(b) 
11.182(b) 
10.004(b) 
10.004(b) 
12.179(b) 
12.179(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
Sig. 
.237 
.237 
.363 
.363 
.895 
.895 
.509 
.509 
.492 
.492 
.220 
.220 
.232 
.232 
.211 
.211 
a Computed using alpha =.05 
b Exact statistic 
c Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 
d Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Tirne 
Mauchly's Test of Sphericity(b) 
Treatment 
Time 
Treatment * 
Time 
Mauchly's W 
.416 
.010 
.000 
Approx. Chi-
Square 
2.385 
11.243 
df 
5 
9 
77 
Sig. 
.806 
.365 
Greenhouse-
Geisser 
.627 
.477 
.214 
Huynh-
Feldt 
1.000 
1.000 
1.000 
Lower-
bound 
.333 
.250 
.083 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type HI Sum 
of Squares 
.187 
.187 
.187 
.075 
.075 
.075 
.021 
.021 
.021 
.053 
.053 
.053 
.200 
.200 
.200 
.132 
.132 
.132 
.127 
.127 
.127 
.089 
.089 
.089 
.025 
.025 
.025 
.148 
.148 
.148 
.049 
.049 
.049 
.144 
.144 
.144 
.104 
.104 
.104 
.207 
.207 
.207 
.375 
.375 
.375 
df 
3 
1.882 
3.000 
3 
1.882 
3.000 
3 
1.882 
3.000 
3 
1.882 
3.000 
12 
7.528 
12.000 
4 
1.907 
4.000 
4 
1.907 
4.000 
4 
1.907 
4.000 
4 
1.907 
4.000 
16 
7.628 
16.000 
12 
2.562 
12.000 
12 
2.562 
12.000 
12 
2.562 
12.000 
12 
2.562 
12.000 
48 
10.250 
48.000 
Mean Square 
.062 
.099 
.062 
.025 
.040 
.025 
.007 
Oil 
.007 
.018 
.028 
.018 
.017 
.027 
.017 
.033 
.069 
.033 
.032 
.066 
.032 
.022 
.047 
.022 
.006 
.013 
.006 
.009 
.019 
.009 
.004 
.019 
.004 
.012 
.056 
.012 
.009 
.041 
.009 
.017 
.081 
.017 
.008 
.037 
.008 
F 
3.734 
3.734 
3.734 
1.489 
1.489 
1.489 
.421 
.421 
.421 
1.059 
1.059 
1.059 
3.569 
3.569 
3.569 
3.423 
3.423 
3.423 
2.416 
2.416 
2.416 
.663 
.663 
.663 
.519 
.519 
.519 
1.539 
1.539 
1.539 
1.107 
1.107 
1.107 
2.200 
2.200 
2.200 
Sig. 
.042 
.076 
.042 
.267 
.284 
.267 
.741 
.660 
.741 
.402 
.389 
.402 
.029 
.082 
.029 
.033 
.088 
.033 
.092 
.155 
.092 
.627 
.536 
.627 
.892 
.652 
.892 
.143 
.263 
.143 
.377 
.382 
.377 
.027 
.154 
.027 
a Computed using alpha = .05 
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Tests of Within-Subjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
.083 
.271 
.281 
.138 
.008 
.025 
.018 
.023 
3.51E-005 
.104 
.039 
.025 
.069 
.103 
.138 
df 
4 
4 
4 
Mean 
Square 
.083 
.271 
.281 
.138 
.008 
.025 
.018 
.023 
3.51E-
005 
.104 
.039 
.025 
.017 
.026 
.035 
F 
4.794 
10.560 
8.124 
7.967 
.329 
.708 
1.016 
.885 
.001 
6.035 
1.512 
.735 
Sip. 
.094 
.031 
.046 
.048 
.597 
.447 
.371 
.400 
.976 
.070 
.286 
.440 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type III Sum 
of Squares 
.286 
.014 
.005 
.007 
.022 
df 
1 
1 
1 
1 
4 
Mean Square 
.286 
.014 
.005 
.007 
.005 
F 
52.666 
2.670 
1.010 
1.224 
Sig. 
.002 
.178 
.372 
.331 
a Computed using alpha = .05 
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Shannon-Weiner Diversity Index for Density RMANOVA For Recovery Period 
Multivariate Tests(c) 
Effect 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Pillai's Trace 
Wilks' Lambda 
Value 
.989 
.011 
.584 
.416 
.972 
.028 
.937 
.063 
.973 
.027 
.749 
.251 
.031 
.969 
.823 
.177 
.671 
.329 
.826 
.174 
.478 
.522 
.034 
.966 
F 
60.648(b) 
60.648(b) 
.937(b) 
.937(b) 
22.747(b) 
22.747(b) 
9.961(b) 
9.961(b) 
144.196(b) 
144.196(b) 
11.944(b) 
11.944(b) 
.129(b) 
.129(b) 
18.661(b) 
18.661(b) 
1.359(b) 
1.359(b) 
3.156(b) 
3.156(b) 
610(b) 
.610(b) 
.024(b) 
.024(b) 
Hypothesis df 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
3.000 
Error df 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
4.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
2.000 
Sig. 
.016 
.016 
.553 
.553 
.042 
.042 
.093 
.093 
.000 
.000 
.026 
.026 
.738 
.738 
.012 
.012 
.451 
.451 
.250 
.250 
.670 
.670 
.994 
.994 
a Computed using alpha = .05 
b Exact statistic 
c Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
Mauchly's Test of Sphericity(b) 
Treatment 
Time 
Treatment * 
Time 
Mauchly's W 
.027 
1.000 
.057 
Approx. Chi-
Square 
9.826 
.000 
7.819 
df 
5 
0 
5 
Sig. 
.098 
.190 
Greenhouse-
Geisser 
.645 
1.000 
.418 
Huynh-
Feidt 
1.000 
1.000 
.976 
Lower-
bound 
.333 
1.000 
.333 
Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an 
identity matrix. 
a May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 
Within-Subjects Effects table. 
b Design: Intercept+Site+Elevation+Site * Elevation 
Within Subjects Design: Treatment+Time+Treatment*Time 
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Tests of Within-Subjects Effects 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Time 
Time * Site 
Time * Elevation 
Time * Site * Elevation 
Error(Time) 
Treatment * Time 
Treatment * Time * Site 
Treatment * Time * Elevation 
Treatment * Time * Site * 
Elevation 
Error(Treatment*Time) 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Sphericity Assumed 
Greenhouse-Geisser 
Huynh-Feldt 
Type III Sum 
of Squares 
.069 
.069 
.069 
.005 
.005 
.005 
.047 
.047 
.047 
.042 
.042 
.042 
.171 
.171 
.171 
.210 
.210 
.210 
.017 
.017 
.017 
.000 
.000 
.000 
.027 
.027 
.027 
.006 
.006 
.006 
.036 
.036 
.036 
.064 
.064 
.064 
.009 
.009 
.009 
.001 
.001 
.001 
.130 
.130 
.130 
df 
3 
1.936 
3.000 
3 
1.936 
3.000 
3 
1.936 
3.000 
3 
1.936 
3.000 
12 
7.742 
12.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
1 
1.000 
1.000 
4 
4.000 
4.000 
3 
1.255 
2.927 
3 
1.255 
2.927 
3 
1.255 
2.927 
3 
1.255 
2.927 
12 
5.018 
11.709 
Mean 
Square 
.023 
.036 
.023 
.002 
.003 
.002 
.016 
.025 
.016 
.014 
.022 
.014 
.014 
.022 
.014 
.210 
.210 
.210 
.017 
.017 
.017 
.000 
.000 
.000 
.027 
.027 
.027 
.001 
.001 
.001 
.012 
.029 
.012 
.021 
.051 
.022 
.003 
.007 
.003 
.000 
.001 
.000 
.011 
.026 
.011 
F 
1.614 
1.614 
1.614 
.118 
.118 
.118 
1.112 
1.112 
1.112 
.993 
.993 
.993 
144.196 
144.196 
144.196 
11.944 
11.944 
11.944 
.129 
.129 
.129 
18.661 
18.661 
18.661 
1.112 
1.112 
1.112 
1.973 
1.973 
1.973 
.278 
.278 
.278 
.033 
.033 
.033 
Sig. 
.238 
.259 
.238 
.948 
.885 
.948 
.382 
.374 
.382 
.429 
.410 
.429 
.000 
.000 
.000 
.026 
.026 
.026 
.738 
.738 
.738 
.012 
.012 
.012 
.382 
.360 
.382 
.172 
.225 
.174 
.840 
.671 
.836 
.992 
.908 
.991 
a Computed using alpha = .05 
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Tests of Within-Snbjects Contrasts 
Source 
Treatment 
Treatment * Site 
Treatment * Elevation 
Treatment * Site * Elevation 
Error(Treatment) 
Treatment 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Level 1 vs. Level 4 
Level 2 vs. Level 4 
Level 3 vs. Level 4 
Time 
Type III Sum 
of Squares 
.057 
.090 
.114 
.007 
.005 
.000 
.024 
.009 
.090 
.070 
.041 
.007 
.119 
.043 
.054 
df 
4 
4 
4 
Mean 
Square 
.057 
.090 
.114 
.007 
.005 
.000 
.024 
.009 
.090 
.070 
.041 
.007 
.030 
Oil 
.013 
F 
1.929 
8.453 
8.462 
.223 
.487 
.014 
.809 
.861 
6.713 
2.358 
3.816 
.496 
Sig. 
.237 
.044 
.044 
.662 
.524 
.911 
.419 
.406 
.061 
.199 
.122 
.520 
a Computed using alpha = .05 
Tests of Between-Subjects Effects 
Source 
Intercept 
Site 
Elevation 
Site * Elevation 
Error 
Type HI Sum 
of Squares 
.405 
.026 
.032 
.000 
.007 
df 
1 
1 
1 
1 
4 
Mean Square 
.405 
.026 
.032 
.000 
.002 
F 
235.034 
15.085 
18.443 
.070 
Sig. 
.000 
.018 
.013 
.805 
a Computed using alpha = .05 
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Appendix C 
Digital Pictures 
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Site 1 Transect 1 
100 Step Treatment 
mmmmum 
Before Scraping 
After Scraping 
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Site 1 Transect 1 
100 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
211 
Before Scraping 
212 
Site 1 Transect 1 
200 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 1 
300 Step Treatment 
After Scraping 
March 2007 (Seven Months After Trampling Began) 
214 
Site 1 Transect 1 
300 Step Treatment 
July 2007 (Four Months After Trampling Stopped) 
215 
Site 1 Transect 1 
Control Treatment 
Before Scraping 
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After Scraping 
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Site 1 Transect 1 
Control Treatment 
March 2007 (Seven Months After Trampling Began) 
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July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 2 
100 Step Treatment 
Before Scraping 
After Scraping 
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Site 1 Transect 2 
100 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 2 
200 Step Treatment 
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Before Scraping 
After Scraping 
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Site 1 Transect 2 
200 Step Treatment 
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March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 2 
300 Step Treatment 
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After Scraping 
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Site 1 Transect 2 
300 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 2 
Control Treatment 
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March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
224 
Site 1 Transect 3 
100 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 3 
200 Step Treatment 
Before Scraping 
After Scraping 
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Site 1 Transect 3 
200 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 3 
300 Step Treatment 
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Before Scraping 
After Scraping 
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Site 1 Transect 3 
300 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 3 
Control Treatment 
Before Scraping 
March 2007 (Seven Months After Trampling Began) 
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Site 1 Transect 3 
Control Treatment 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 4 
100 Step Treatment 
Before Scraping 
After Scraping 
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Site 1 Transect 4 
100 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
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July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 4 
200 Step Treatment 
Before Scraping 
After Scraping 
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Site 1 Transect 4 
200 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 4 
300 Step Treatment 
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Before Scraping 
After Scraping 
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Site 1 Transect 4 
300 Step Treatment 
July 2007 (Four Months After Trampling Stopped) 
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Site 1 Transect 4 
Control Treatment 
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Site 1 Transect 4 
Control Treatment 
March 2007 (Seven Months After Trampling Began) 
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Site 2 Transect 1 
100 Step Treatment 
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Before Scraping 
After Scraping 
240 
Site 2 Transect 1 
100 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 1 
200 Step Treatment 
Before Scraping 
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After Scraping 
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Site 2 Transect 1 
200 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 1 
300 Step Treatment 
Before Scraping 
After Scraping 
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Site 2 Transect 1 
300 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 1 
Control Treatment 
After Scraping 
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March 2007 (Seven Months After Trampling Began) 
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Site 2 Transect 1 
Control Treatment 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 2 
100 Step Treatment 
Before Scraping 
After Scraping 
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Site 2 Transect 2 
100 Step Treatment 
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March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 2 
200 Step Treatment 
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Before Scraping 
After Scraping 
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Site 2 Transect 2 
200 Step Treatment 
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July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 2 
300 Step Treatment 
Before Scraping 
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After Scraping 
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Site 2 Transect 2 
300 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
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July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 2 
Control Step Treatment 
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Before Scraping 
After Scraping 
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Site 2 Transect 2 
Control Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 3 
100 Step Treatment 
After Scraping 
March 2007 (Seven Months After Trampling Began) 
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Site 2 Transect 3 
100 Step Treatment 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 3 
200 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 3 
300 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 3 
Control Treatment 
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After Scraping 
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March 2007 (Seven Months After Trampling Began) 
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Site 2 Transect 3 
Control Treatment 
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July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 4 
100 Step Treatment 
Before Scraping 
After Scraping 
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Site 2 Transect 4 
100 Step Treatment 
mm 
.4> * 
Tl "fa* 
V (, 
1 
i fo<«* i 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 4 
200 Step Treatment 
Before Scraping 
After Scraping 
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Site 2 Transect 4 
200 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Site 2 Transect 4 
300 Step Treatment 
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Before Scraping 
After Scraping 
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Site 2 Transect 4 
300 Step Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
267 
Site 2 Transect 4 
Control Treatment 
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After Scraping 
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Site 2 Transect 4 
Control Treatment 
March 2007 (Seven Months After Trampling Began) 
July 2007 (Four Months After Trampling Stopped) 
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Appendix D 
Animal Protocol Forms 
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San Jose State University 
Institutional Animal Care and Use Committee 
LETTER OF OFFICIAL PROTOCOL REVIEW 
Date: June 19, 2006 
Dear Dr. O'Mailey. 
The animal care and use portion of your research proposal indicated below was reviewed 
by the Institutional Animal Care and Use Committee (JACUC). The status of your 
proposal is as follows: 
Principal Investigator(s): Rachel O'Mailey, M. Nieoie Rueker 
Protocol #: 2006-F 
Title: Determination of human trampling on recruitment and succession of 
intertidal flora and fauna. 
The application was approved without modification by the IACUC 
Approval date: June 19,2006 * Expiration Date: June 1,2007 
The IACUC must be informed in writing of any proposed changes to the approved 
protocol outline and approval must be granted in writing by the IACUC before any 
change is instituted. If you wish to continue die approved outline beyond the expiration 
date, it is required that you request an approval period extension for IACUC 
consideration in May 2007. 
The protocol number (#2006-F) may only be used by the principal investigator and 
participants included on the approved application form. The protocol number will be 
required on grant and contract proposals 10 fund the project. To .maintain valid protocol 
approval, route a copy of all renewed permits, requests for permit extensions, 
correspondence with the P.l. and governmenymencies and, rcto^ 
office at extended zip 0100 to be included in your animal use file. 
If you have any questions, feel free to contact me at extension 4-4929. 
larry Young, R(jn', LA/fg 
IACUC Coordinator 
<.'w. U AC Office '"" 
This protocol ha;i been approved as a Health 
Risk Category One level project (RC -1), 
Pleasfc tetel to^tii^fached jrjsk category 
UampH6i%ij»^rt^levat|^ pfcrsptwel 
a^fel^ j.HfQrg|tio^ j^ |l;Min1itg%this"!iiS«uy." 
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Personnel Health Risk Category Description 
Applicability: 
In addition to their normal responsibilities surrounding animal welfare, 1ACUC members review incoming 
animal protocols along occupational health and safety dimensions in order to identify potential animal-
related risks to protocol personnel. Each protocol will be assigned a "Risk Category" as described below 
at the time of its review. This process is meant to facilitate a safer work environment through education 
(e.g., zoonosis information), assessment and surveillance (e.g., Health Center Physician), and training 
(e.g., UAC safety tutor ial) . 
Risk Category Descriptions. 
Appropriately, the IACUC's criteria for protocol risk category assignment will be based on the potential 
hazards posed by the animals and materials used; on the exposure intensity, durat ion, and frequency; 
on the susceptibility of personnel and on the history of occupational illness and Injury in the particular 
workplace. The extent of personnel participation in the Laboratory Animal Occupational Health Program 
(LAOHP) is dependent upon individual risk of exposure and IACUC assignment to Health Risk Category 1 
(RC-1), Category 2 (RC-2) or Category 3 (RC-3). 
PROTOCOL: O'Maltey #2006rF: Risk Category 1 
RC- l covers all approved animal activities posing minimal risk of exposure to personnel having 
minimal contact with purpose-bred animals or inherent risks associated with certain field studies. 
Through general training in laboratory animal use and protocol review, personnel will be Informed of the 
risks associated wi th Animal Bio-Safety Level One projects and inherent risks associated with fieldwork. 
Investigators and their staff will be informed of the LAOHP services available to them and are 
encouraged to complete and submit an LAOHP questionnaire at any t ime during the study as requested. 
Individuals interested in participating in the LAOHP must first contact the University Animal Care office 
for assistance. 
The safety informat ion outl ined this document is not exhaust ive and infers explicit 
responsibility on behalf of the P I and all personnel associated wi th this study to be familiar 
with the risks, precautions and emergency response procedures wi th the respect to this 
IACUC approved project. 
The inherent risks identified by the IACUC in this protocol include, but certainly are not l imited to, the 
physical hazards of working in and around intertidal areas. The appropriate personal protective 
equipment should be worn at ail t imes to barrier personnel f rom physical hazards associated with this 
work. 
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San Jose State University 
Institutional Animal Care and Use Committee 
Abbreviated Component for the Use of Invertebrate Species or Fertile Eggs 
Type and return the completed form with a cover letter and attach any necessary permits to the 
University Animal Care office at extended zip 0100. 
1. Date: June 1.2006 Principal Investigator: Dr. Rachael O'Mai ley 
Department: Environmental Studies Phone:408-924-5450 Campus Zip:0115 
2. Genus, Species and Common name: See attached letter 
Number required per year: See attached letter Is this species threatened or endangered? No 
Biohazard concerns? None 
3. Where will the specimens be maintained? Dr. John Pearse's lab at The Seymour Long Marine 
Laboratory. University of California. Santa Cruz 
Who will provide care for the specimens? This is a sacrifice take, so the collected specimens 
will be placed in a container and then frozen 
4. Classroom instruction O federally O or privately $f funded research Ogrant proposal 
Procedures that will be conducted on the specimens: (attach additional page if necessary) 
A 20 x 20 cm plot of substrate will be scrapped clean using a razor blade. The scrapped 
specimens will be placed in a marked container. To prevent decomposition during the 
identification and tallying of collected specimens, the container will be places in a freezer until 
it cane be analyzed. When the container has been examined, the specimens will be disposed of 
in the animal waste container at Seymour Long Marine Laboratory 
Location and Personnel to conduct procedures: The specimens will be collected from the rocky 
intertidal platform at Natural Bridges State Beach. Santa Cruz. CA and housed in Dr. John 
Pearse's lab at The Seymour Long Marine Laboratory. University of California. Santa Cruz. I 
will be doing both specimen collection and analysis with the aid of Dr. Pearse. 
Duration the procedures will take place: June 1,2006 to June 1,2007 
How and where will the specimens be disposed of: O Carcass freezer; Duncan Hall 437 
"<$ Other, explain: Animal waste container at Seymour Long Marine Laboratory 
1ACUC USE ONLY 
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5. I certify that all the above information is true and accurate and hereby assure the IACUC that 
procedural modifications will be submitted for approval before any change is instituted. 
Signature of Principal Investigator s « y ^ 
6. SJSU IACUC Approval (3-year maximum) 
sei 
Chairperson 
AJIA 4-
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Marie Nicole Rucker 
249 7th Ave A 
Santa Cruz, CA 95062 
June 1,2006 
Institutional Animal Care and Use Committee 
San Jose State University 
Dear Sir or Madam, 
The purpose of this graduate thesis research is to determine the impact human 
trampling has on recruitment and succession of intertidal flora and fauna. The study site 
is Natural Bridges State Beach (NBSB), located near the northern headland of the 
Monterey Bay in Santa Cruz, California at the corner of West Cliff Drive and Swanton 
Boulevard in Santa Cruz, California. The study area is comprised of the mid to low 
intertidal zones of the rocky intertidal platform beginning on the left side of the island 
near the gazebo located above on the bluff and ending near Terrace Point. The designated 
study area is divided into four blocks based. 
Three transects will be placed in each block and four 20 x 20 centimeter square 
quadrats will be placed randomly along each ten foot transect. To simulate a clearing 
disturbance, each quadrat will be scrapped clean with a razor blade and one of the 
following treatments will be applied: Treatment 1. Treatment 2, Treatment 3, or 
Treatment Control. In Treatment 1,2 or 3, the scrapped area will be subjected to a 
trampling treatment of low (100 steps three times a week), medium (250 steps three times 
a week) or high (325 steps three times a week) (Bronsan and Crumrinc, 1994; Jenkins et 
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al,, 2001) in addition to regular foot traffic. To determine if there is an artifact from the 
treatment, a treatment control will be used in which the rock will be cleared but no 
trampling treatment will be applied. To take into account the possibility of 
pseudoreplication, the allocation of the treatments will be separated in time, meaning that 
tire application of treatments will occur at different time intervals. For example, one 
treatment might occur three days in a row while another might occur every other day for 
three days. The scrapped flora and fauna will be identified in the field and laboratory. 
Specimens such as mollusk, decapods and echinoderms will be returned to adjacent rock 
after identification. Specimens that can not be return such as barnacles and alga will be 
disposed of according to university policy (deposited in the animal waste receptacle). 
A variety of data points will be taken once a month for a year. These points have 
been broken down into independent and dependent variables based on their relationship 
to naturally occurring stresses (i.e. wave action, wind scouring, etc). This separation 
allows the investigator to distinguish between disturbances resulting from natural or 
human disturbances. To take into account temporal variation, data collection will occur at 
pre-determined random dates. 
Specimen lists from previous studies at NBSB were used to compile a list of 
potential flora and fauna that might be removed from the rock during the scrapping. The 
number of organisms depends on what inhabits the clearing quadrats. The potential 
organisms affected and an estimate of numbers taken are listed on a separate attachment. 
I have also enclosed a copy of the National Oceanic and Atmospheric Administration, 
National Marine Sanctuary Program permit number MBNMS-2006-017. In addition, I 
was issued a California Department of Fish and Game collecting permit; however, due to 
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a recent move the permit became lost in the mail. Therefore, a new permit has been 
issued reflecting my change of address and should arrive within the next week. 
Sincerely, 
Marie Nicole Rucker 
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MOLLUSCA ESTIMATED TAKE NUMBER 
BIVALVIA 
Lelia laperousi/ >30 
Lasaea cistula >30 
Mytilus californicanus (California Mussel) >60 
Septifer bifurcates >30 
GASTROPODA 
Amphisa versicolor (Joseph's Coat Ampjissa) >20 
Collisella scabra (Rough Limpet) >35 
Collisella digitalis (Fingered Limpet) >35 
Littorina scutulata (Checkered Periwinkle) >20 
Lottia gigantean (Owl Limpet) > 15 
Lottia Umatilla (File Limpet) >20 
Diodora spera (Keyhole Limpet) >20 
Nucella emarginata (Emarginate Dogwelk >20 
Nucella lamellose >20 
Odostomia spp. >20 
Opalia spp. >20 
Tegula funebralis (Turban Snail) >35 
POLYPLACOPHORA 
Lepidochitona dentiens > 15 
Mopalia muscosa (Mossy Chiton) > 15 
Nuttalina californica (Cali fomia Nuttall' s Chiton) > 15 
POLYCHAETA 
*Errantia >20 
Nereis grubei >30 
Nereis vexillosa (Mussel Worm) >30 
*Phyllodocidae >20 
Eitlalia aviculiseta >20 
*Polynoidae spp. >20 
*Sedentaria >20 
Phragnatopoma californica >20 
Serpula vermicularia >20 
Spirobis borealis >20 
*Syllidae spp. 
SIPUNCULA 
Phascolosoma agassizzi > 10 
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CMDAR1A 
ANTHOZOA 
Anthopleura xanthogrammica >15 
Anthopleura elegantissima > 10 
Anthopleura sola > 10 
ECHINODERMATA 
Pisaster sp. (Ochre Sea Star) 0 
Strongylocentaotus purpuratus (Purple Sea Urchin) 0 
Cucumaria pseudocurata > 2 
ARTHROPODA 
*Decapoda 0 
Pachygrapsus crassipes (Stripped Shore Crab) 0 
Pagurus samuelis (Blue-Handed Hermit Crab) 0 
Hemigrapsus niidus (Purple Shore Crab) 0 
*Amphipoda spp. >50 
*Isopoda >50 
Cirolana harfordi >20 
Idotea spp. >30 
*Cirripedia >30 
Balanus glandula >300 
Chthamalus spp. >300 
Mitella (Pollicipes) polymerus (Gooseneck Barnacle) >100 
ALGA 
CHLOROPHYTA 
Chaetomorpha 
Cladophora spp. >50 
Codium csetchelti >JQ 
Ulva spp. (Sea Lettuce) >50 
PHAEOPHYTA 
Analipus japamcus (Sea Fur) >25 
Silvetia compressa >25 
Pelvetiopsis limitat >25 
RHODOPHYTA 
Endocladia muricata >30 
Ralpsiaspp. >10 
Gelidium muricata >30 
Gigartine canliculata >20 
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Mazzaella splendem >30 
Iridaea flaccida >20 
Mastocarpus sp. (Turkish Washcloth) >25 
Petrocelis sp. >20 
Prionitis lancelata >2() 
Porphyra perforate >30 
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Federal and State Permits 
281 
' " W * * 
UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL OCEAN SERVICE 
Monterey Bay National Marine Sanctuary 
299 Foam Street 
Monterey, CA 39340 
May 10, 2006 
Ms. Nicole Rucker 
San Jose State 
249 Seventh Avenue, Apt. A 
Santa Cruz, California 95062 
Dear Ms. Rucker: 
The National Oceanic and Atmospheric Administration, National Marine Sanctuary Program 
(NMSP) has approved the issuance of permit number MBNMS-2006-017 to conduct activities 
within Monterey Bay National Marine Sanctuary (MBNMS) for research purposes. Activities are 
to be conducted in accordance with the permit application and all supporting materials submitted to 
the sanctuary, and the terms and conditions of permit number MBNMS-2006-017, attached. 
Permits are not valid until signed by the permittee and filed at this office. Three signed copies are 
enclosed for your signature. Retain the original copy and carry it with you while conducting the 
permitted activities. The additional copies should be signed and returned to NMSP offices at the 
following addresses within 30 days of issuance: 
Deirdre Hall 
Permit Coordinator 
Monterey Bay National Marine Sanctuary 
299 Foam Street 
Monterey, CA 39340 
David Bizot 
National Permit Coordinator 
NOAA National Marine Sanctuary Program 
1305 Bast-West Highway (N/ORM6) 
Silver Spring, MD 20910 
Your permit contains specific special conditions and reporting requirements. Please review them 
closely and fully comply with them while undertaking permitted activities. Please be advised that 
any direct or incidental harassment of marine mammals requires a permit from the National Marine 
Fisheries Service (contact Monica DeAngelis at 562-980-3232) and/or U.S. Fish and Wildlife 
Service (contact Dave Pereksta at 805-644-1766). Direct or incidental harassment of seabirds 
requires a permit from the U.S. Fish and Wildlife Service. The enclosed permit is not valid until all 
other necessary permits and/or authorizations are obtained. 
If you have any questions about this permit please contact Deirdre Hall at 831 -647-4207. Thank 
you for your continued cooperation with the NMSP. 
Sincerely 
Karen Grimmer 
Acting Superintendent 
J 
cc: D. Carl. CCC 
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 . y . "^ I UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL OCEAN SERVICE 
Monterey Bay National Marine Sanctuary 
298 Foam Slreet 
Monterey. OA 3W10 
MONTEREY BAY NATIONAL MARINE SANCTUARY 
RESEARCH PERMIT 
Permittee: Permit Number: MBNMS-2006-017 
Ms. Nicole Rucker Effective Date: May 12,2006 
San Jose State Expiration Date: September 30,2007 
249 Seventh Avenue 
Apt. A 
Santa Cruz, CA 95062 
Project Title: Impact of Trampling on Succession and Recovery of Bare Rock Substrate Along 
an Open Access Intertidal Region in Northern California 
This permit is issued for activities in accordance with the National Marine Sanctuaries Act 
(NMSA), 16 USC §1431 etseq., and regulations thereunder (15 CFR Part 922). All activities 
must Be conducted in accordance with those regulations and law. No activity prohibited in 15 
CFR Part 922 is allowed except as specified in the activity description below. 
Subject to the terms and conditions of this permit, the National Oceanic and Atmospheric 
Administration (NOAA) National Marine Sanctuary Program hereby authorizes the permittee 
listed above to conduct research activities within Monterey Bay National Marine Sanctuary 
(MBNMS or sanctuary). All activities are to be conducted in accordance with this permit and 
the permit application received April 14, 2006. The permit application is incorporated into this 
permit and made a part hereof; provided, however, that if there are any conflicts between the 
permit application and the terms and conditions of this permit, the terms and conditions of this 
permit shall be controlling. 
PERMITTED ACTIVITY DESCRIPTION: 
The following activities are authorized by this permit: 
This permit is limited to disturbance of the seabed within the rocky intertidal zone of the 
MBNMS at Natural Bridges State Park. 
No further disturbance of the cultural or natural resources of the sanctuary is allowed. 
PERMITTED ACTIVITY LOCATION: 
The permitted activity is allowed only in the following locations): 
Natural Bridges State Park, Santa Cruz 
In addition to the terms above, the following terms and conditions apply to this permit: 
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SPECIAL CONDITIONS: 
1. All authorized activities may be conducted from May 12,2006 through September 30, 
2007. All equipment shall be removed no later than the expiration date of this permit. The 
permittee may request an amendment from the MBNMS Superintendent in advance of 
this expiration date, to extend the effective date of this permit. 
2. Permitted activities shall be limited to the disturbance of the seabed by scraping intertidal 
quadrats (approximately 20cm x 20 cm) with a razor blade as part of an intertidal 
trampling study. 
3. The equipment authorized by this permit shall only be used in accordance with the 
methods and objectives identified in the permit application cited above. All equipment 
shall be removed upon completion of each sampling event. 
4. All equipment associated with this project shall not disturb or impact any historical or 
marine archaeological resources of the Sanctuary. If historical or marine archaeological 
resources are encountered at any time, the permit holder shall cease all further activities 
under this permit and immediately contact the Sanctuary Superintendent. 
5.- This permit is limited to disturbance of the seabed as described in the permit application. 
Disturbance of any other Sanctuary resources is prohibited. 
6. The permit holders agree to provide summary results from these permitted activities to 
the Sanctuary Integrated Monitoring Network as soon as data are analyzed. See 
http://www.mbnms-simon.org for more information. 
7. In addition, permit holders shall submit a log and a 1 -2 page summary of all activities 
conducted under this permit no later than October 15th of each year this permit is valid. 
The log should include information regarding daily activities such as location (latitude 
and longitude) of samples, discovery or disturbance of historical artifacts, problems 
encountered, equipment lost, etc. This report shall be sent to the MBNMS Permit 
Coordinator. 
GENERAL CONDITIONS: 
1. Within 30 (thirty) days of the date signed by the sanctuary official the permittee must 
sign and date on the appropriate line below for this permit to be considered valid. Once 
signed and dated, the permittee must ensure that the persons listed below each receive a 
signed original within 35 (thirty-five) days of the date signed by the sanctuary official: 
Deirdre Hall David Bizet 
Permit Coordinator National Permit Coordinator 
Monterey Bay National Marine Sanctuary NOAA National Marine Sanctuary Program 
299 Foam Street 1305 East-West Highway (N/ORM6) 
Monterey, CA 39340 Silver Spring, MD 20910 
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2. It is a violation of this permit to conduct any activity authorized by this permit prior to 
the sanctuary official having received a permit with the permittee's original signature on 
the appropriate line below. The permittee must contact the sanctuary office to ensure the 
requisite documentation has been received before conducting any activity authorized by 
this permit. 
3. This permit may only be amended by the National Marine Sanctuary Program. The 
permittee may not change or amend any part of this permit at any time. The terms of the 
permit must be accepted in full, without revision; otherwise, the permittee must return the 
permit to the sanctuary office unsigned with a written explanation for its rejection. 
Amendments to this permit must be requested in the same manner the original request 
was made. 
4. All persons participating in the permitted activity must be under the supervision of the 
permittee, and the permittee is responsible for any violation of this permit, the NMSA, 
and sanctuary regulations for activities conducted under, or in junction with, this permit. 
The permittee must assure that all persons performing activities under this permit are 
fully aware of the conditions herein. 
5. This permit is non-transferable and must be carried by the permittee at all times while 
engaging in any activity authorized by this permit. 
6. This permit may be suspended, revoked, or modified for violation of the terms and 
conditions of this permit, the regulations at IS CFR Part 922, the NMSA, or for other 
good cause. Such action will be communicated in writing to the applicant or permittee, 
and will set forth the reason(s) for the action taken, 
7. This permit may be suspended, revoked or modified if requirements from previous 
National Marine Sanctuary Program permits or authorizations issued to the permittee are 
not fulfilled by their due date. 
8. Permit applications for any future activities in the sanctuary or any other sanctuary in the 
system by the permittee might not be considered until all requirements from this permit 
are fulfilled. 
9. This permit does not authorize the conduct of any activity prohibited by 15 CFR § 922, 
other than those specifically described in the "Permitted Activity Description" section of 
this permit. If the permittee or any person acting under the permittee's supervision 
conducts, or causes to be conducted, any activity in the sanctuary not in accordance with 
die terms and conditions set forth in this permit, or who otherwise violates such terms and 
conditions, the permittee may be subject to civil penalties, forfeiture, costs, and all other 
remedies under the NMSA and its implementing regulations at 15 CFR Part 922. 
10. Any publications and/or reports resulting from activities conducted under the authority of 
this permit must include the notation that the activity was conducted under National 
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Marine Sanctuary Permit MBNMS-2006-017 and be sent to the sanctuary official listed 
in genera] condition number I. 
11. This permit does not Telieve the permittee of responsibility to comply with all other 
federal, state and local laws and regulations, and this permit is not valid until all other 
necessary permits and/or authorizations are obtained. Particularly, this permit does not 
allow disturbance of marine mammals or seabirds protected under provisions of the 
Endangered Species Act, Marine Mammal Protection Act, or Migratory Bird Treaty Act. 
Authorization for incidental or direct harassment of species protected by these acts must 
be secured from the U.S. Fish and Wildlife Service and/or NOAA Fisheries, depending 
upon the species affected. 
12. The permittee shall indemnify and hold harmless the National Marine Sanctuary 
Program, NOAA, the Department of Commerce and the United States for and against any 
claims arising from the conduct of any permitted activities. 
13. Any question of interpretation of any term or condition of this permit will be resolved by 
NOAA. 
Your signature below, as permittee, indicates that you accept and agree to comply with all terms 
and conditions of this permit. This permit becomes valid when you, the permittee, countersign 
and date below. Please note that the expiration date on this permit is already set and will not be 
extended by a delay in your signing below. 
yku 1 o IA>> Ac \UiL sWo<« 
Ms. Nicole Rucker Date 
San Jose State 
Oifok 
ate I Karen Grimmer Dati Acting Superintendent 
Monterey Bay National Marine Sanctuary 
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Marine Sanctuary Permit MBNMS-2006-017 and be sent to the sanctuary official listed 
in general condition number 1. 
11. This permit does not relieve the permittee of responsibility to comply with all other 
federal, state and local laws and regulations, and this permit is not valid until all other 
necessary permits and/or authorizations are obtained. Particularly, this permit does not 
allow disturbance of marine mammals or seabirds protected under provisions of the 
Endangered Species Act, Marine Mammal Protection Act, ot Migratory Bird Treaty Act. 
Authorization for incidental or direct harassment of species protected by these acts must 
be secured from the U.S. Fish and Wildlife Service and/or NOAA Fisheries, depending 
upon the species affected. 
12. The permittee shall indemnify and hold harmless the National Marine Sanctuary 
Program, NOAA, the Department of Commerce and the United States for and against any 
claims arising from the conduct of any permitted activities. 
13. Any question of interpretation of any term or condition of this permit will be resolved by 
NOAA. 
Your signature below, as permittee, indicates that you accept and agree to comply with all terms 
and conditions of this permit This permit becomes valid when you, the permittee, countersign 
and date below. Please note that the expiration date on this permit is already set and will not be 
extended by a delay in your signing below. 
Ms. Nicble Rucker Date 
San Jose State 
/-NJHA—-=i ^/jjiQie 
Karen Grimmer Dati 
Acting Superintendent 
Monterey Bay National Marine Sanctuary 
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The purpose of this graduate thesis research is to determine the impact human 
trampling has on recruitment and succession of intertidal flora and fauna. The study site 
is Natural Bridges State Beach (NBSB), located near the northern headland of the 
Monterey Bay in Santa Cruz, California at the corner of West Cliff Drive and Swanton 
Boulevard in Santa Cruz, California. The study area is comprised of the mid to low 
intertidal zones of the rocky intertidal platform beginning on the left side of the island 
near the gazebo located above on the bluff and ending near Terrace Point. The designated 
study area is divided into four blocks based. 
Three transects will be placed in each block and four 20 x 20 centimeter square 
quadrats will be placed randomly along each transect. To simulate a clearing 
disturbance, each quadrat will be scrapped clean with a razor blade and one of the 
following treatments will be applied: Treatment 1, Treatment 2, Treatment 3, or 
Treatment Control. In Treatment 1,2 or 3, the scrapped area will be subjected to a 
trampling treatment of low (100 steps three times a week), medium (250 steps three times 
a week) or high (325 steps three times a week) (Bronsan and Crumrine, 1994; Jenkins et 
at, 2001) in addition to regular foot traffic. To determine if there is an artifact from the 
treatment, a treatment control will be used in which the rock will be cleared but no 
trampling treatment will be applied. To take into account the possibility of 
pseudoreplication, the allocation of the treatments will be separated in time, meaning that 
the application of treatments will occur at different time intervals. For example, one 
treatment might occur three days in a row while another might occur every other day for 
three days. The scrapped flora and fauna will be identified in the field and laboratory. 
Specimens such as mollusk, decapods and echinoderms will be returned to adjacent rock 
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after identification. Specimens that can not be return such as barnacles and alga will be 
disposed of according to university policy (deposited in the animal waste receptacle). 
A variety of data points will be taken once a month for a year. These points have 
been broken down into independent and dependent variables based on their relationship 
to naturally occurring stresses (i.e. wave action, wind scouring, etc.). This separation 
allows the investigator to distinguish between disturbances resulting from natural or 
human disturbances. To take into account temporal variation, data collection will occur at 
pre-determined random dates. 
Specimen lists from previous studies at NBSB were used to compile a list of 
potential flora and fauna that might be removed from the rock during the scrapping. The 
number of organisms depends on what inhabits the clearing quadrats. The potential 
organisms affected and an estimate of numbers taken are as follows: 
MOLLUSCA 
BIVALVIA 
Lelia laperousi/ 
Lasaea cistula 
Mytilus califomicanus (California Mussel) 
Septifer bifurcates 
GASTROPODA 
Ampkisa versicolor (Joseph's Coat Ampjissa) 
Collisetta scabra (Rough Limpet) 
Collisella digitalis (Fingered Limpet) 
Littorina scutulata (Checkered Periwinkle) 
Ijjttia gigantean (Owl Limpet) 
Lottia limatula (File Limpet) 
Diodora spera (Keyhole Limpet) 
Nucella emarginata (Emarginate Dogwelk 
Nucella lamellose 
Odostomia spp. 
Opaiia spp. 
Tegulafimebralis (Turban Snail) 
EST1MAT 
>30 
>30 
>60 
>30 
>20 
>35 
>35 
>20 
>15 
>20 
>20 
>20 
>20 
>20 
>20 
>35 
290 
POLYPLACOPHORA 
Lepidochitona dentiens >15 
Mopalia muscosa (Mossy Chiton) > 15 
Nuttalina californica (California Nuttell's Chiton) >15 
POLYCHAETA 
*Errantia >20 
Nereis grubei >30 
Nereis vexillosa (Mussel Worm) >30 
*Phyllodocidae >20 
Eulalia aviculiseta >20 
*Polynoidae spp. >20 
•Sedentaria >20 
Phragnatopoma californica >20 
Serpula vermicularia >20 
Spirobis borealis >20 
*Syllidae spp. 
SIPUNCULA 
Phascohsoma agassizzi >10 
CNIDARIA 
ANTHOZOA 
Anthopleura xanthogrammica >15 
A nthopleura elegantissima > J 0 
Anthopleura sola > 10 
ECHINODERMATA 
Pisaster sp. (Ochre Sea Star) 0 
Strongylocentaolus purpwatus (Purple Sea Urchin) 0 
Cucumaria psevdocurata >2 
ARTHROPODA 
•Decapoda o 
Pachygrapsus crassipes (Stripped Shore Crab) 0 
Pagurus samuelis (Blue-Handed Hermit Crab) 0 
Hemigrapsus nudus (Purple Shore Crab) 0 
•Amphipoda spp. >50 
*Isopoda >50 
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Cirolana harfordi 
Idotea spp. >30 
•Cirripedia >30 
Balanus glandula >300 
Chthamalus spp. >300 
Mitella (Pollicipes) polymerus (Gooseneck Barnacle) > 100 
ALGA 
CHLOROPHYTA 
Chaetomorpha 
Cladophora spp. >S0 
Codium csetchelli >I0 
Ulva spp. (Sea Lettuce) >50 
PHAEOPHYTA 
Analipusjapanicus (Sea Fur) >25 
Silvetia compressa >25 
Pelvetiopsis limtiat >2S 
RHODOPHYTA 
Endocladia muricata >30 
Ralpsiaspp. >I0 
Gelidium muricata >30 
Gigartine canliculata >20 
Mazzaella splendens >30 
Iridaeaflaccida >20 
Mastocarpus sp. (Turkish Washcloth) >25 
Petrocelh sp. >20 
PrionUis lancelata >20 
Porphyra perforate >30 
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SCIENTIFIC COLLECTING PERNIO DESCRIPTIONS 
Resident: Any person who has resided continuously in California for six months immediately prior to the date of application and are either 
employees of local, state, and federal agencies who take specimens in connection with their official duties; faculty, professional staff, college 
levei students of, or Individuals hired by; public or private companies, educational institutions, zoological gardens or aquariums, in or out of 
state, or individuals who take wildlife or marine plants for other permittees or pursuant to environmental protection documents required by law. 
Nonresident: Any person who has not resided continuously in California for six months Immediately prior to the date of application and are 
either employees of locai, state, and federal agencies who take specimens in connection with their official duties; faculty, professional staff. 
college level students of. or individuals hired by; public or private companies, educational institutions, zoological gardens or aquariums, in or 
out of state; or individuals who take wildlife or marine plants for other permittees or pursuant to environmental protection documents required 
bylaw. 
Student: Any resident or nonresident student of a college or university for required coursework in wildlife research and sponsored by a faculty 
member. 
MANDATORYCONDlTlONSFORALLSCIENTK=ICCOUECTINQPEHMfT{SCP)HOLDERS ~ 
A. STANDARDEXCEPTIONSTOTHESCIENT1FICCOLL£CTINGPERM^^ 
an additional, written permit (SCP Attachment form, letter permit or Memorandum of Understanding (MOU)) from the DFG: (1) Alt 
threatened and endangered species (state and federal classification); (2) pelicans, herons, egrets, swans, vultures, raptors, cranes, bird 
nests and eggs; (3) bats, beaver, carnivores (foxes, bear, ringtail, raccoon, marten, fisher, mink, badger, otters, mountain lion, bobcat, 
seals and sea lions); (4) elk. deer, antelope, mountain sheep, and bighorn sheep; and (5) California Fully Protected Species and Special 
Concern Species (except as may be authorized in numbered authorizations below that may have been approved on your permit). 
8. No collections may be made in any Marine Protected Area, including the following: State Marine Reserve, State Marine Conservation Area. 
State Marine Park. State Reserve, Marine Life Refuge, Fish Refuge, Wildlife Area, State Game Refuge, or Ecological Reserve without 
additional written permission. Tidal invertebrates may not be taken in any tide pool or other areas between the high tide mark and 1,000 
feet seaward and lateral to the low tide mark at any of the places listed above, state beaches, parks, reserves, or recreation areas. 
C. Pursuant to California Fish and Game Code, Sections 1002 and 1003, and Section 650, Title 14, of the CCR the permittee is authorized 
to collect specimens of fish and wildlife according to the conditions listed on this permit. The permittee must be present and carry this 
Scientific Collecting Permit end any amendments to the permit at ail times when collecting. These forms must be in possession 
when collecting and must be shown upon request to any person authorized to enforce Fish and Game regulations. 
D. Pursuant to Section 650(0, Title 14, of the CCR SCP permittees are required to submit a Report of Specimens Collected or Salvaged 
within 30 days of the expiration of the permit or upon submitting an application to renew a SCP, whichever comes first 
E You must notify the local DFG office of your activities prior to collecting. Contact must be made during normal business hours and at 
least 24 hours prior to collecting, (see enclosed list.) 
F. This permit does not relieve the permittee of the responsibility to obtain any other permits, or comply with any other Federal, State, or local 
laws or regulations. 
G No other sport or commercial fishing activities or collection of unauthorized species is allowed on the same trips or time periods as 
scientific collection activities. 
H. You must complete California Native Species Field Survey Forms for any Threatened, Endangered, or Special Concern Species captured. 
Mail to the address listed on the form. 
t. Once removed from the wild, animals may not be returned to the wild without prior written permission from the DFG. 
J. Marking of any kind is not authorized by this permit unless it is specifically requested by the permittee and authorised in writing by the DFG. 
K. Use of pitfall traps is not authorized by this permit unless it is specifically requested by the permittee and authorized In writing by the DFG. 
L To band or to take (capture, release, sacrifice, salvage or mark) birds protected by the Migratory Bird Treaty Ad, you must attach a copy of 
all current federal permits) authorizing this activity with your SCP application. 
NUMBERAUTHCfllWTlONSRECnJESTEDBYPERMrrrEE/NUMEffiRAUTHOREATlONSlSSUEDBYDFO 
1. You may take or possess marine fishes (excluding salmon, striped bass, and sturgeon] not to exceed sport fishing bag limits; sport 
fishing seasons and size limits shall apply. Cowcod, giant sea bass, garibaldi, gutf grouper, broomtail grouper, and white shade may not 
be taken. Authorized methods of take: hand, hook and line, seine (except beach seine), dip nets, spear, dredge, hand tools, and trap (when 
marked with Scientific Collecting Identification Number (SON)). 
2. You may take or possess marine aquatic plants not to exceed 10 pounds wet weight in the aggregate. Eel grass, surf grass, and sea 
palm may not be taken. Authorized method of take: hand and hand tools. 
3. You may take or possess marine invertebrates not to exceed sport fishing bag limits; sport fishing seasons and size limits shall apply. 
Lobster, abalone, and live rocks may not be taken. Authorized method of take; hand, hook and tine, seine (except beach seine), dip nets, 
spear, dredge, hand tools, and trap (when marked with Scientific Collecting identification Number (SON)), 
4. You may take freshwater and terrestrial invertebrates excluding Standard Exceptions (see "A" above). Threatened or Endangered 
Species inadvertently collected shall be immediately released and reported to the DFG at (916) 653-4875 within two business days. 
Authorized methods of take: hand, net, dtp net. surber sampler, drift net. dredge, and plankton net. 
5. You may capture and release an unlimited number of freshwater fishes, Including Special Concern Species but excluding all other 
Standard Exceptions, only for the purposes of identification and documentation. Seasons and size limits shall not apply. Threatened or 
Endangered Species inadvertently collected shall be immediately released and reported to the DFG at (916) 653-4875 within two 
business days. Authorized methods of take: hand, hook and line, seine, dip net. and minnow trap (when marked with Scientific Collecting 
Identification Number (SON)). Electrotishing and gill netting are not authorized without express written approval from the DFG office (see 
enclosed list) responsible for the area where collections are proposed. 
6. You may capture and release an unlimited number of amphibians, reptiles and mammals, including Special Concern Species, but 
excluding all other Standard Exceptions, only for the purposes of identification and documentation. All animals captured shall be released 
alive and unharmed at the capture site and may not otherwise be removed from the wild unless authorized by the DFG. Specimens of 
Threatened or Endangered Species inadvertently collected shall be immediately released and reported to DFG at (916) 653-4875 within 
two business days. Listed and Special Concern Species shall be reported to DFG on CaHfomia Native Species Field Survey Forms. 
Authorized methods of take; hand, dip net. minnow seine, lizard noose, snake tongs, snake hook, and live-trap (when marked with 
Scientific Collecting Identification Number (SON)). 
7. You may salvage dead freshwater fishes, amphibians, reptiles and mammals. Standard Exceptions (see "A" above) salvaged shall be 
reported to the DFG at (916) 653-4875 within two business days tor disposition Instructions. Alt specimens must be donated to a public 
scientific institution. 
8. You may take birds in accordance with your federal permit(3). An additional state permit may be required for Standard Exceptions to the 
SCP, All animals captured shali be released at the capture site immediately unless otherwise authorized In writing by the DFG. 
Threatened or Endangered Species inadvertently taken shall be immediately released and reported to the DFG at (916) 653-4875 within 
two business days. 
9. You may take species that are federally- or state-and federally listed species in accordance with your existing federal permit. The DFG may 
require additional or modified conditions that will be noted on your SCP. 
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